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Abstract 
The purpose of this research project was to provide building services mechanical 
engineers who are designing an underground pre-cooling system in NQ, in particular 
Townsville, with tabled system selections dependent on the outside air design quantity 
required to meet the minimum requirements of Australian Standard AS1668.2 
A challenge that engineers face is the requirement to deliver a product that is both energy 
efficient and will provide a cost benefit over the life of the structure. Soil temperatures 
below ground surface level can remain relatively constant for the entire duration of the 
year. At sufficient depth, the soil temperature is typically cooler than that of the ambient 
air temperature in summer. This means that this difference in temperature can be used as 
a means of precooling during this time.  
Site based measurements were undertaken, whereby soil temperatures at depths of 1 and 
2 metres and dry bulb entering exiting air temperatures for the existing system were 
obtained. Through the use of these site based measurements and ANSYS Simulation 
Software a comparison model and simple straight run model was developed to portray 
the effects that, pipe diameter, airflow velocity and system length has on the exiting air 
temperatures. This allowed numerical results from ANSYS to be compared against the 
existing operational system results obtained from site and against previous literature to 
conclude with the recommended findings and develop the tabled system selections. 
Upon review of the results it could be seen that pipe diameter had the greatest effect on 
performance relative to pipe length and that the greatest change occurred within the first 
10m with respect to length. It could also be seen that as velocity of air flow increased, the 
performance of the system decreased. During a review of the existing literature it was 
found that the typically installed pipe materials were found to have minimal effect on 
performance and that capital expenditure would be the determining factor on pipe 
material selection.  
It was concluded that the ideal system selection is highly dependent on the design airflow 
quantity, however a number of smaller pipes performs greater than a single large pipe, 
and that increasing velocity should be considered before increasing pipe diameter. It was 
also recommended that a control system be implemented to ensure that the efficiency of 
the system is not compromised throughout the cooler periods of the year whereby the 
system could act as a heater during these times.
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1.0 Introduction 
Measurements have ascertained that soil temperatures below ground surface level can 
remain relatively constant for the entire duration of the year. Therefore at a sufficient 
depth the soil temperature will always be cooler than that of the ambient air temperature 
in summer meaning this difference in temperature can be used as a means of cooling in 
summer through heat exchange of the surrounding soil. Due to the high ambient air 
temperatures in North Queensland, in particular Townsville, this method of cooling has 
been identified previously as a proposed method of precooling for a buildings air 
conditioning system.  
Research has shown that there a number of parameters such as pipe diameter, airflow 
velocity and pipe length effect the performance of such systems, however none of these 
provide engineers with a tabled selection which they can use to develop a system 
dependent on the outside air design quantity required to meet the minimum requirements 
of Australian Standard AS1668.2. To provide engineers with an accurate selection, a 
numerical model that is able to reflect the performance of such a system was required to 
not only be developed, but validated against existing literature or an existing system. It 
was known that an existing system was constructed at the James Cook University Library, 
Townsville and could be used as a comparison system for verifying the accuracy of a 
developed numerical model.  
Before any site based measurement or modelling could begin, a literature review was 
undertaken to fully understand the topic and identify the specifiable and non-specifiable 
parameters. This dissertation documents the findings of this literature review and the 
design criteria that affects the performance of earth to air heat exchange systems. This 
dissertation also documents the methodology to undertake the site based measurements 
at the James Cook University and how these were used to develop a numerical 
comparison model using ANSYS Simulation Software. It then goes on to detail the 
methodology used for developing a straight run model which is able portray the effects 
that parameters such as pipe diameter, airflow velocity and pipe length have on the 
performance of an earth to air heat exchange system 
On comparison of the site based measurements with the comparison model, it was found 
that the results of the model had slightly better performance, however were only between 
0.1o C and 0.2o C which meant that the model could be accepted based on the assumptions 
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that were made. Due to the confirmed validity of this model, the straight run model was 
further developed whereby it was found that pipe diameter had the greatest effect on 
performance followed by pipe velocity. It was also found that a longer system will allow 
the entering ambient air temperature to reach the same temperature as the soil, however 
the financial viability of such systems where a larger pipe is used becomes questionable 
due to the excessive length required to achieve uniformity. From these results selection 
tables were developed, which will allow building services engineer in North Queensland, 
in particular Townsville, to design an underground pre-cooling system that can achieve 
the optimal performance based on the limitations of the site or budget. 
1.1 Project Topic 
The topic of this dissertation is the “Optimisation of Outside Air Pre-cooling via 
Underground Conductive Heat Transfer”. 
1.2 Background 
Two of the challenges that engineers face during the design phase of building services 
projects is to deliver a product that is both energy efficient and will provide a cost benefit 
over the life of the structure. The majority of the operational costs associated with 
building structures, whether residential or commercial, is typically due to the operation 
of plant required to maintain thermal comfort.  
In order to assist with minimising these costs, a number of methods have been introduced 
to reduce the cooling requirements of HVAC installations. These methods can be 
architectural, whereby the thermal resistance of the building is increased through the 
specification of particular materials, or mechanical, whereby heat recovery equipment is 
used to pre cool the ambient air entering into the system. Another method to either 
minimise the cooling requirements or prevent the requirements for air conditioning all 
together, is through the installation of underground systems that use the earth as a heat 
sink to cool the air before entering the structure. This method of cooling is commonly 
known as earth to air heat exchange whereby heat transfer takes place via the surface of 
the pipe or duct in the direction of the lower temperature. If the temperature of the soil 
happens to be higher than the air flowing through the pipe, then the air will be heated to 
the same temperature as the soil. While if the temperature of the soil is lower than the air 
flowing through the pipe, then the air will be cooled to the same temperature as the soil. 
This dissertation focuses purely on this method as a source of cooling. 
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The use of the earth as a heat sink is not a new concept. This concept has existed in Persian 
architecture for hundreds of years (Trombe et al., 1994). In previous studies this type of 
system is called an earth to air heat exchanger. Throughout this dissertation this term 
along with underground conductive heat transfer will be used to describe this method of 
cooling. 
1.2.1 Theory 
Measurements have ascertained that soil temperatures below ground surface level can 
remain relatively constant for the entire duration of the year. This is due to the high 
thermal inertia of the soil which limits temperature fluctuations, unlike that of the ambient 
temperatures at surface level. Therefore at a sufficient depth the soil temperature will 
always be cooler than that of the ambient air temperature in summer, and warmer in 
winter. This means that this difference in temperature can be used as a means of 
precooling in summer through heat exchange of the surrounding soil.  
There are three primary methods associated with the use of the earth as a heat exchanger. 
The first method is a direct system where the buildings envelope is in direct contact with 
the surround soil, and through conduction of the floors and walls the internal temperature 
of the structure is regulated. The second method is an indirect system where the interior 
of the building is regulated by addition of cooled air through an underground ventilation 
system. The third system is an isolated system which uses the earth as a heat exchanger 
to assist in pre conditioning the ambient air before it enters into the buildings air 
conditioning system. 
This dissertation focuses particularly on the use of earth to air heat exchange systems in 
an isolated scenario due to the tropical location and soil temperatures not being low 
enough to completely replace air conditioning systems. 
1.2.2 Existing Operational Systems Worldwide 
Earth to air heat exchangers have been installed in a variety of buildings around the world, 
however most of these however are located in Europe due to the associated climate that 
provides ideal conditions for these systems to be installed. In literature reports 
applications have included a hospital (Sodha et al., 1985), university buildings (Melib et 
al., 2000) and a cinema hall (Singh et al., 1996) to name a few. Each of these studies have 
demonstrated the costs saving that were associated with the reduction of heating and 
cooling loads. 
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1.2.3 Existing Operational System in Townsville 
As part of refurbishment works to the ground floor of the James Cook University Library, 
Townsville, two separate concrete underground outside air paths were constructed to 
supply fresh air to both the North Western and North Eastern plant rooms of the building. 
Due to the large air quantity which was required to be supplied to each of these, two inline 
axial fans were installed to extract fresh air from outside the building before discharging 
through floor mounted grilles within the plant space. The underground outside air supply 
below that has been selected to be analysed as part of the ANSYS comparison model is 
located at the North Western side of this building. 
 
Figure 1 – As Constructed Layout of the JCU Underground Ventilation System 
 
 
Figure 2 –Riser for Outside Air Intake 
The above image is of the galvanised steel riser that allows outside air into the system. 
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Figure 3 – Trench for JCU Underground Ventilation System 
The above image is of the trench during construction.  
1.2.4 Previously Developed Models 
To help predict the performance of earth to air heat exchanger systems, Mihalakakou et 
al. (1994), Gauthier et al. (1997) and Bojic et al. (1997) all developed models using 
commercial software such as TRNSYS, SMILE and FLUENT. These particular models 
however were used to identify that these systems are an effective technology, rather than 
identify the ideal design parameters for these systems.  Prior to such of the above software 
models being developed a number of one-dimensional calculation models were developed 
using simpler methods. Tzaferis et al. (1992) developed 8 different models which could 
be broken into two groups. The first group was algorithms that calculate the heat transfer 
from the air to the pipe and then the conductive heat transfer from the pipe to the ground. 
The second group was algorithms that can only calculate the heat transfer from the air to 
the tube.  
1.3 Project Aim 
The aim of this dissertation was to develop a reference for selecting the ideal pipe 
material, pipe diameter, airflow velocity and length of underground pipework systems 
which can be used in future underground outside air pre-cooling applications, associated 
with air conditioning systems in North Queensland depending on the outside air design 
quantity required to meet the minimum requirements of Australian Standard AS1668.2 
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1.4 Project Objectives 
A number of broad objectives were identified to ensure that both the desktop review and 
practical elements of this project were covered and to ensure that this dissertation was 
satisfactorily completed. 
1. The first task was to undertake a literary review of the various aspects which form 
part of this dissertation and to ensure that a full understanding of the topic with respect 
to the following key areas was achieved: 
• Outside air requirements for occupied spaces, 
• Current methods of underground cooling and parameters affecting performance,  
• Conductive heat transfer,  
• Suitable pipe material for underground applications, 
• Factors affecting soil temperature, and 
• Meteorological data for North Queensland 
2. The second objective was to undertake site based measurements at the James Cook 
University Library as a basis for comparison and modelling: 
• Soil temperature at a depth of 1 and 2 metres, 
• Entering ambient air temperature, and 
• Exit air temperature 
3. The third objective was to use Ansys (Modelling Software) to develop a comparison 
model of the “as installed” concrete structure at the James Cook University Library 
to compare with the site based measurements and determine the validity of the model. 
4. The fourth objective was to use Ansys (Modelling Software) to develop a straight run 
model which will portray the effects that the pipe material, diameter of pipe, velocity 
of airflow, and length of run will have on ambient outside air supply temperatures. 
5. The final objective was to compare the newly obtained results from ANSYS and 
compare these against existing results from previous literature and conclude with the 
recommended findings. 
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1.5 Project Delivery 
The development and delivery of this dissertation was broken into three main stages. The 
first was the development of the project proposal; the second was the development of the 
project specification and the third was development of the dissertation.  
Clarification of the project proposal and the project specification is as follows below: 
1. The project proposal identified the proposed topic, the broad aims, the delivery 
method and necessary resources required to successfully complete the dissertation. 
2. The project specification set in stone the project topic, aim and objectives that would 
be adhered to throughout the development of the dissertation. Refer Appendix A – 
Project Specification. 
1.5.1 Project Milestones 
The following are the key milestones that were achieved as part of the development of 
this dissertation: 
Key Project Milestone Finish Date 
Project Proposal Wednesday 12th March 2014 
Project Specification Wednesday 19th March 2014 
Preliminary Report Wednesday 4th June 2014 
Partial Draft Dissertation Wednesday 17th September 2014 
Final Dissertation Thursday 30th October 2014 
 
Table 1 – Key Project Milestones 
These key milestones can also be seen in the project programme attached as Appendix B. 
1.5.2 Project Programme 
A programme was developed in the form of a Gantt chart, which was broken down into 
each major task that was undertaken as part of the development of this dissertation, and 
the timeframe in which each of these were delivered. Refer Appendix B for the Project 
Programme. 
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1.6 Resource Requirements 
To allow this dissertation to be developed, a number of items of equipment were required 
to be procured along with analysis software and relevant site access approval. 
1.6.1 Site Access 
As per the second objective of this dissertation the location identified for site based testing 
to be performed, and to allow the comparison study to be undertaken, was the James Cook 
University Library, Townsville.  
To allow these site based measurements to be undertaken, it was a requirement that 
written approval be obtained from the relevant party before this began. An email 
identifying the scope of works, the associated methodology, along with the safe work 
method statement for the works being performed, was provided. 
1.6.2 Equipment  
To allow the soil temperature measurements to be obtained at depths of 1 and 2 metres, 
two individual holes needed to be bored. The equipment that was hired to bore these holes 
was a ThermoFisher Scientific DOR62 Soil Auger Kit. The hired kit included the 
following main items of equipment: 
• 1 x Clay Auger Head, Stainless Steel, 62mm Diameter 
• 1 x Regular Auger Head, Stainless Steel, 62mm Diameter 
• 4 x 1m Aluminium Extensions 
• 1 x Stainless Steel Cross Handle 
 
Figure 4  - Soil Auger Kit and Digital Thermometer 
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To measure the soil temperature at depths of 1 and 2 metres, a K type thermocouple 
temperature sensor was purchased. The sensors are suitable for temperatures between 0oC 
and 400oC with an accuracy of +/- 1oC, and consisted of the following: 
• 1 x Digital Thermometer with Type K Microprocessor 
• 2 x 24 Gauge K Type Thermocouples 
                              
Figure 5  - Digital Thermometers and K Type Thermocouples 
To allow the ambient air on temperature and air off temperature to be obtained a HLP 
Red-i-Temp water proof digital thermometer was purchased. The thermometer was 
suitable for temperatures between -50oC and 200oC with an accuracy of +/- 1oC.  
1.6.3 Software 
As per objectives three and four identified above, an analysis programme was needed to 
develop the simple straight run model as well as the comparison model necessary for 
validating the straight run model. The software selected for this was ANSYS Version 
15.0. The ANSYS software contains the broad physical modelling capabilities needed to 
model flow and heat transfer.  
1.7 Limitations 
The following have been identified as the limitations to this study based on the tropical 
location, recorded data from site measurements, and existing literature. 
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1. The proposed underground system is limited to a precooling application only due to 
the soil temperature at the nominated depth, and has not been recommended as a basis 
for the replacement of mechanical HVAC systems. 
2. The soil temperature used for the analysis of the straight run model is obtained from 
onsite based measurements at James Cook University, Townsville, along with similar 
results recorded at CSIRO Davies Laboratory, Townsville by P.D. Dan and R.M. 
Aynsley (2000), and does not reflect other locations throughout North Queensland. 
3. The results are limited to the months of September through until April, due to lower 
ambient air temperatures during the months of May, June, July and August causing 
the system to act as a heater. Recommendations have been made under Section 8.0 
Recommendations, which identifies methods of achieving efficiency throughout the 
entire year. 
4. The nominated surface temperature of the pipe does not take into consideration the 
difference in temperature between the soil at the top of the pipe and the soil at the 
bottom of the pipe as this change in depth can have a small change in soil temperature. 
5. The model does not take into consideration condensation which could occur if the 
relative humidity of the air entering the system is high and the change in temperature 
due to operation of the earth to air heat exchanger is large enough for the dew point 
temperature to be reached. 
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2.0 Literature Review 
2.1 Introduction 
The following section reviews the ventilation requirements that need to be achieved to 
prevent adverse health effects in buildings that are served by a mechanical system, along 
with the benefits that pre-cooling can have on these systems through the use of 
underground ventilation systems via conductive heat transfer.  
This section also attempts to provide further understanding of the types of existing 
underground systems, parameters affecting performance, types of pipe materials, and 
factors that affect soil temperature, relevant to identifying the ideal design conditions 
required to be implemented to achieve optimum performance of a system such as this.  
Meteorological data of North Queensland, in particular Townsville, has been included to 
identify the conditions in which these systems operate, and the basis for which these 
systems will be designed for. 
2.2 Outside Air Requirements for Occupied Spaces 
Depending on the class and use of the occupied building structure, there are two main 
methods of achieving the outside air requirements for the occupied space as per Australian 
Standard AS1668.2. The first method is via natural ventilation, and the second is via a 
mechanical ventilation.  
The first method is normally used where there is no requirement for the space to be 
maintained at specific desired conditions, and the second is where the space is required 
to be maintained at a specific temperature and humidity necessary for maintaining thermal 
comfort. Below is a further description of these systems and the outside air requirements 
for each with respect to occupied spaces. 
2.2.1 Natural Ventilation 
Natural ventilation can be described as a means of providing ventilation to an open space 
where the outside air does not require any treatment such as filtration, the path of air 
movement within the nominated space is unimpeded and where there is no necessity for 
thermal comfort to be maintained. The most suitable application is in areas where there 
is low occupancy or areas that require constant ventilation such as toilets. One of the 
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benefits of a naturally ventilated space is its lower energy consumption, however 
ventilation rates can vary significantly due to factors such wind speed, direction and 
thermal effects such as the outdoor air temperature. If any of the above factors 
dramatically affect the system, then there is the possibility that contaminant levels may 
reach concentrations that can affect the occupant’s health. 
2.2.2 Mechanical System 
A mechanical (air conditioning) system is installed where operational requirements, such 
as temperature and humidity are to be maintained for thermal comfort. A typical system 
in North Queensland is designed to maintain between the temperature between 22oC and 
24oC with a relative humidity of 55%. A system is normally made up of supply air 
ductwork which delivers conditioned air to a space via supply air diffusers, return air 
ductwork which allows the air to return to the plant via a return air grille, and the outside 
air intake which delivers uncontaminated air in compliance with AS1668.2. 
 
Figure 6 - Air Conditioning System Schematic 
The capacity of this type of system normally reflects the location, structure, internal 
equipment loads, occupancy levels and outside air temperature.  
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As identified in the figure above these systems don’t simply operate by recycling the air 
from the spaces which they are serving. It is a standard building code requirements that a 
specific amount of outside air is mixed with the returning air, before being supplied back 
to the space. 
The outside air ventilation requirements for mechanical systems as per Figure 1 above, 
are designed to Australian Standard AS1668.2, which sets the minimum permissible 
ventilation rates for the use of the space, and the number of occupants within that space. 
These rates ensure that general contaminants such as body odour, volatile organic 
compounds and the like are kept at concentrations below exposures that can lead to 
adverse health effects. 
2.3 Benefits of Pre-Cooling Outside Air 
As the requirements for outside air rates increase, so does the required capacity of the 
mechanical plant designed to achieve the specified spatial requirements. In warmer 
climates such as North Queensland, the temperature of the outside air entering the 
mechanical system can have a dramatic effect on the plant’s required capacity. This is 
why the temperature of the outside air entering the system can assist in minimising the 
size of the plant, and the associated operating costs. 
There are two main reasons a pre-conditioner is installed on mechanical systems. The 
first is to lower the relative humidity, and the second is to lower the air temperature. These 
systems are typically used where mechanical systems are installed within the building 
envelope where space is a premium. The benefit of pre-conditioning the outside air, is 
that you effectively reduce the plant size, which flows through to the size of the plant 
room within the building. This however is not the most effective design for sustainability, 
and only transfers the operating costs from one piece of equipment to another. 
There are currently heat exchange systems available that have the ability to precondition 
the outside air entering the system. These however typically require a large amount of 
space, have a higher capital expenditure and require additional ongoing maintenance. An 
efficient method of preconditioning that could be used is via underground conductive heat 
transfer, whereby the system uses the earth as a heat exchanger. Although there would be 
an initial capital outlay associated with this system, there is minimal energy costs 
associated with the system as well as minimal maintenance.  
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By implementing an underground preconditioning system you would reduce not only the 
cost of the internal plant, but the ongoing operating costs also. 
2.4 Underground Ventilation Systems 
An underground ventilation system can be used for the purpose of cooling ambient air 
temperatures via heat exchange with the earth’s subterranean which has a constant 
temperature. Depending on the location of these types of installations, they are typically 
known as earth to air heat exchangers, however they can be known by different names 
such as the following: 
• Air to Soil Heat Exchanger 
• Earth Channels 
• Earth Canals 
• Earth Air Tunnel Systems 
• Ground Tube Heat Exchanger, 
• Hypocausts 
• Subsoil Heat Exchangers 
• Underground Air Pipes 
Despite all these names representing the same system, it can be seen that these can be 
further broken into two main underground types used to cool the ambient air entering into 
a nominated system or space via conductive heat transfer. The first of these is a thermal 
labyrinth and the second is a piped / ducted system.   
2.4.1 Thermal Labyrinth 
Thermal labyrinths are normally suited to new, mechanically ventilated buildings that 
have a large cooling demand, and are typically located in climates that have a high 
temperature difference between day and night. They have a high capital cost, however 
over the life of a building have the ability to yield substantial saving by minimising the 
peak cooling demand of the structure which they serve. 
Labyrinths are formed from a large rectilinear space divided into numerous walled 
sections and are usually incorporated in the basements or underground floors of building 
structures. Through this type of construction a labyrinth air path is formed which can be 
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maximised by increasing the length of the air path which allows additional time for 
conductive heat transfer to take place. The typical construction of this type of system is a 
high thermal mass cast concrete base with concrete block walls that are in direct contact 
with the soil encasing the system. An example of this can be seen below. 
 
Figure 7 – Thermal Labyrinth Construction 
The design of a thermal labyrinth needs to balance the optimal thermal storage with the 
air resistance of the designed system. By creating turbulent air flow, increasing the surface 
roughness and by incorporating bends, the heat transfer performance of the system is 
increased. This needs to be done carefully because the air resistance can increase beyond 
the point whereby the system can no longer remain naturally ventilated. 
2.4.2 Piped / Ducted System 
The most typical underground system is a piped / ducted system. This can be further 
broken down into two main configurations based on the operation of each. The two 
configurations are a closed loop design and an open system. A description of each of these 
are as follows: 
2.4.2.1 Closed Loop System 
A closed loop system operates by circulating the air from within the structure through a 
loop that is installed in the ground. These types of configurations are typically between 
30 and 150m depending on the size of the structure and nature of the installation. The air 
is moderated to near earth temperature before it is returned and distributed via a ductwork 
system.  
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Horizontal closed loop systems can normally be installed in two arrangements. The first 
is in series and the second is in parallel. The following schematic identifies how these 
arrangements are generally installed. 
 
 
Figure 8 – Horizontal Closed Loop Systems 
Another alternative to the closed loop system is a vertical arrangement whereby large 
bore holes are drilled and the pipework is installed with a u shape configuration within 
the hole. 
 
Figure 9 – Horizontal Closed Loop System in Parallel 
The above image is of a horizontal closed loop system arrangement with connections in 
parallel. 
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2.4.2.2 Open System 
An open system consists of a long single run whereby the ambient air is either 
mechanically forced or drawn through the system on a continuous basis. As the ambient 
air moves through the system below ground level, the temperature of the air will be 
moderated to near earth temperature due to forced convection in the air and the conductive 
heat transfer via the pipes surface. The following illustration is of a single pass earth-tube 
heat exchanger (ETHE) developed as part of a study by Sharan G. and Jadhav R. in 2003. 
 
Figure 10 – Horizontal Open System 
As per the alternative to the closed loop system a vertical arrangement for an open system 
is also possible whereby a single large bore hole is drilled and the pipework is installed 
with a u shape configuration within the hole. 
2.5 Parameters Affecting Performance of Underground Cooling 
Implementations of underground heat exchange systems for either full cooling or pre-
cooling have had mixed success. There is unfortunately a large amount of literature which 
over generalizes about the applications of these types of systems, many that are both 
supportive and unsupportive. One of the key aspects that makes the results of these system 
so variable is due to the passive nature of this system and the associated conditions. 
Factors such as location, ambient temperature and soil temperature are just some of the 
environmental conditions that can affect the performance of underground conductive heat 
transfer systems. These conditions however are not the only thing that affects the 
performance of these types of systems. Design parameters such as pipe material, diameter, 
length, velocity and depth also affect how efficient the system will be and how well it 
will perform under the relevant environmental conditions.  
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2.5.1 Material 
Research has been undertaken in the past to determine the heating and cooling potential 
of underground systems, whereby numerous materials such as concrete, metals and 
plastic were used as part of the studies. A particular study by Goswami et al. (1981), 
identified that financially viable pipe materials has very little effect on the overall heat 
transfer and associated performance of these types of systems. Another study by Bojic et 
al. (1986), compared the results of a PVC pipe and Steel pipe and found that the 
performance varied by less than 10%. 
As both of these studies identified that pipe material has minimal effect on performance, 
then the main considerations in selecting material for such applications should be cost, 
availability, strength, corrosion resistance and durability rather than thermal conductivity. 
The suitability of various pipe materials has been further reviewed in Section 2.7 below. 
It was noted in a study by EREC (2002), that PVC should be used where possible as it is 
easier to install, and is more resistant to corrosion. 
2.5.2 Diameter 
The optimum pipe diameter for an underground heat transfer system varies depending on 
factors such as tube length and flow velocity / flow volume. A study by Lee and Strand 
(2006), recorded the effects of pipe radius on the exiting air temperature at four different 
locations represented by the four different colours below. It was determined that as the 
pipe radius increased so did the air temperature exiting the pipe. This was due to the fact 
that a larger pipe radius resulted in a lower convective heat transfer coefficient on the 
inner surface and a much lower overall heat transfer coefficient of the entire system.  
 
Figure 11 – Effects of Pipe Radius on Exit Air Temperature (Lee and Strand, 2006) 
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A study by IEA (1999), revealed that diameters between 150mm and 450mm appear to 
be the most appropriate. In comparison to other parameters, pipe diameter does not affect 
the performance of the system as much. By simply reducing the pipe diameter whilst 
maintaining the same airflow will only increase the velocity within the system, which has 
a reduced effect on the change in temperature. This means that the pipe diameter and air 
flow rate should be considered together to optimise the performance of such systems. It 
was found that the trends of the results obtained by Lee and Strand, 2006, with respect to 
diameter were similar to that of Mihalakakou et al., 1995. 
2.5.3 Length 
There is no formula to determine the optimal length in relation to the desired cooling. 
Factors such as soil condition, moisture and depth along with other site specific factors 
can affect the ideal length. A study by Lee and Strand (2006), recorded the effects of pipe 
length on the exiting air temperature at four different locations represented by the four 
different colours below. It was identified that as pipe length increased, the exit air 
temperature would decrease, due to the fact that a longer pipe provided a longer path over 
which heat transfer between the pipe material and the soil could take place.  
 
 
Figure 12 – Effects of Pipe Length on Exit Air Temperature (Lee and Strand, 2006) 
A review of the results identified that after distances between 50m and 70m the length 
began to no longer greatly affect the performance of the system, and the temperature 
began to plateau. The length is a parameter that needs to be carefully considered as the 
capital costs versus associated performance may not return the investment. 
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2.5.4 Velocity and Airflow 
A study by Lee and Strand, 2006, recorded the effects of velocity on the exiting air 
temperature at four different locations represented by the four different colours below. It 
was determined that as the velocity of the air increased that the exit air temperature would 
also increase, due to the fact that the air spends less time in the pipe and thus less contact 
with the pipe surface. This is however dependent on location and soil conditions. 
 
 
Figure 13 – Effects of Velocity on Exit Air Temperature (Lee and Strand, 2006) 
From the results it can be seen that as the velocity increases there is a large decrease in 
performance of the systems. This however differs dramatically based on location and soil 
properties. When considering the air flow rate during the design process, simply reducing 
this does not necessarily improve the performance since the cooling heat transfer rate is 
dependent on both air flow and temperature difference between the ambient air and soil 
temperature. 
2.5.5 Depth 
The temperature of the soil is defined by a number of factors such as the external climate, 
soil composition, thermal properties and water content. The temperature of the soil 
fluctuates over time, but the rate at which this fluctuates diminishes as the depth below 
surface level increases. Studies have shown that pipework forming part of an earth-air 
heat exchanger system should be buried at a depth of at least 1.5m below ground level to 
minimise the above ground effects (EREC, 2002).  
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A study by Lee and Strand (2006), recorded the effects of pipe depth on the exiting air 
temperature at four different locations represented by the four different colours below. It 
was found that as the depth of the pipe increased so did the exit air temperature of the 
system. This indicates that the pipes should be buried at depth which is economically 
viable to obtain increased performance. It was noted however that as the depth of these 
types of systems increased to depths of between 4 and 5.5m that this parameter no longer 
influenced its performance. Another study by EREC (2002) identified that it is not 
justifiable burying below a depth of 3.5m.  
 
 
Figure 14 – Effects of Pipe Depth on Exit Air Temperature (Lee and Strand, 2006) 
In comparison of the results obtained as part of the study it was seen that pipe length and 
pipe depth are the most influential parameters affecting the performance of these types of 
systems. Although pipe length is a highly influential parameter it cannot compensate for 
higher soil temperature (Abrams, 1986). Therefore pipe depth is the critical for the 
performance of earth to air heat exchanger systems. 
2.6 Heat Transfer 
Whenever a temperature gradient exists, or two systems with different temperatures are 
brought into contact, energy is transferred.  This particular process by which the energy 
is transported is known as heat transfer. There are three distinct modes of heat transfer. 
These are conduction, convection and radiation.  
The mode of particular interest for this dissertation is conduction due to the means of 
which the heat transfer occurs, however the system is modelled as forced convection due 
to the air being forced to flow within the pipe by external means such as a fan. 
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2.6.1 Conduction 
Thermal conduction can be described as the transfer of internal energy due to a 
temperature gradient. This means that heat will flow from a higher temperature to a lower 
temperature. The rate at which the heat is transferred via conduction is proportional to the 
temperature gradient (dT/dx) times the area (A), however the actual rate of heat flow is 
dependent on the thermal conductivity (k), which is the physical property of the material. 
The direction of the heat transfer can be better understood with an understanding of the 
second law of thermodynamics. 
2.6.2 Second Law of Thermodynamics 
The second law of thermodynamics states the process whereby heat transfer occurs in a 
specific direction, not just in any direction (Cengel & Boles 2002). The amount of heat 
(Q) that is transferred at a particular temperature (T) needs to be less than the change in 
entropy (S), whereby entropy is a measure of the molecular disorder. Entropy is only 
associated with heat transfer and not with work.  
2.6.3 Thermal Conductivity 
Thermal conductivity is a material property which relates to its ability to conduct heat. 
The transfer of heat by conduction involves the transfer of energy within the material. As 
per the above, conduction takes place when a temperature gradient exists and only occurs 
in the direction of decreasing temperature. Thermal conductivity can be defined at the 
amount of heat (Q) that is transmitted through the thickness of a material (t) in the 
direction normal to a surface with a unit area (A) due to the unit temperature gradient 
(dT/dx) under a steady state condition. The thermal conductivity of various pipe materials 
is shown in Section 2.7 below. 
2.6.4 Forced Convection in Tubes or Ducts 
Forced convection is a mechanism / type of transport in which fluid motion is generated 
by an external source. For earth to air heat exchanger systems an inline fan is typically 
installed to maintain a desired velocity. As mentioned previously the heat transfer from 
the pipe surface to the fluid layer adjacent to the surface is by pure conduction, since the 
fluid is motionless at this point. Systems such as this however are modelled as forced 
convection systems due to the air being forced to flow within the pipe by external means 
such as a fan.  
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2.7 Suitable Pipe Materials and Associated Thermal Properties 
The thermal conductivity of various pipe materials is described as the amount of energy 
which is required to increase the temperature of the gas or fluid inside the pipe to the 
same temperature as the exterior surface temperature. It is known that different materials 
have different thermal conductivity rates based on their molecular structure. The thermal 
properties of suitable pipe materials that have been used in similar applications previously 
are tabled below. 
Pipe Material Thermal Conductivity 
RCP Reinforced Concrete 1.8 W/m K 
PVC Poly Vinyl Chloride 0.19 W/m K 
HDPE Polyethylene 0.36 W/m K 
Table 2 – Thermal Properties of Various Pipe Materials 
As previously discussed, pipe material along with its associated thermal properties has 
minimal effect on performance, therefore the main considerations in selecting material 
for such applications should be cost, availability, strength, corrosion resistance and 
durability rather than thermal conductivity. 
Cost plays an important part in the selection of the pipe material that will be installed in 
an earth to air heat exchange system as the initial capital expenditure may outweigh the 
cost benefits over time. The most cost effective pipe materials are PVC and HDPE due to 
not only the cost of the pipe material, but also the cost of labour to install the material. 
The most flexible material identified above is HDPE due to the range of sizes that are 
available. The sizes available can vary from 16mm to 1000mm in diameter, whereas the 
other materials are only available up until, or start at particular diameters due to their 
method of production. An example of this is PVC pipe which is only available in sizes up 
to 400mm diameter and RCP which is only available in sizes greater than 225mm 
diameter. 
Each material meets the requirements for strength, assuming the pipe is not located in 
heavy trafficable areas, and the requirements for corrosion resistance and durability. 
Polyethylene (HDPE) however is the most suitable due to its cost, availability, ductility, 
low temperature impact resistance, permanent flexibility and temperature versatility. 
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2.8 Air and Soil Temperature in Townsville 
The main determinant parameters for evaluating the performance of ground cooling 
potential for a particular location is both the air and soil temperature for that location. A 
number of meteorological weather stations take measurements on a daily basis and 
maintain records of these measurements. An unfortunate part is that it is usually only for 
ambient air temperature not soil temperature. The Bureau of Meteorology Townsville 
Aero station records soil temperature, but only in increments of 0.25m to a maximum 
depth of 1 m. Records of this however are not kept. 
2.8.1 Air Temperature 
The following figures represent the average ambient air temperatures at 9am and 3pm. 
 
Figure 15 – Mean 9am Ambient Air Temperature, Townsville Aero 
 
Figure 16 – Mean 3pm Ambient Air Temperature, Townsville 
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Figure 17 – Mean Maximum Ambient Air & Highest Temperature, Townsville 
The above average temperature reading were obtained from BOM records that extend 
from 1940 through to 2014. These averages are for this entire period. 
2.8.2 Soil Temperature 
A study to determine the soil temperature at depths and cooling potential for the tropics 
was undertaken at the CSIRO Davies Laboratory, Townsville by P.D. Dan and R.M. 
Aynsley (2000), where the temperature of soil at depths of 1 and 2 metres were recorded. 
Studies found that the average daily soil temperature for Townsville is 27o C. 
 
Table 3 – Soil Properties at Depths of 1 and 2 metres, (Dan and Aynsley, 2001) 
 
2.9 Factors Affecting Soil Temperature 
There are a number of factors that affect soil temperature. By gaining a better 
understanding of the affects these have on soil temperature, measures can be put in place 
to improve the performance of underground systems by treating the ground surface above 
the system. The level to which these factors influence the soil temperature however, is 
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highly dependent on the soils location. The following have been identified as the major 
contributing factors. 
2.9.1 Solar Radiation 
NASA satellite observations have identified that approximately 340 W/m2 is emitted on 
the earth, with 48% of this being absorbed by the earth’s surface. The amount of heat 
absorbed can be further affected by parameters such as latitude, surface distribution and 
slope. It has been also been found that absorption of solar radiation is dependent on 
ground cover, whilst the long wave radiant loss is more dependent on surface temperature 
and emissivity of the surface (Givoni, 1994). This can be more accurately determined if 
the location as well as the time of the year is known. 
It is found that the overall radiant balance between solar gain and long wave loss is 
positive during summer and negative during winter. Due to this fact heat is found to flow 
down from the ground surface in summer but upwards in winter. This determines the 
relationship between the earth’s surface temperature and ambient air temperature. 
2.9.2 Condensation 
When water vapour within the soil condenses there is a noticeable rise in temperature. As 
the temperature drop below dew point, condensation will occur, which can limit the 
temperature overnight. As water turns from vapour to a liquid it releases energy to its 
surroundings which leads to an increase in temperature. 
2.9.3 Evaporation 
As water changes from a liquid to a gas due to the effects of radiation, particularly in 
humid climates, heat energy is lost to the soil and ultimately returned to the atmosphere. 
The resultant factor is the loss from soil mass which leads to a cooling effect, especially 
closer to the surface. 
2.9.4 Vegetation 
A bare soil which lacks any vegetation will absorb energy at a higher rate, which causes 
it to become hotter in summer or cooler in winter at a more rapid rate than that of an area 
covered in vegetation. This is due to the fact that vegetation acts as an insulating agent, 
which minimises the affects that the surrounding environment will have on the soil. By 
providing shading to the soil it is possible to lower the soil temperature. 
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2.9.5 Colour 
The soil colour affects the way in which the soil will absorb heat energy. Black coloured 
soils absorb energy at a greater rate than light coloured soils. This is further affected by 
thermal conductivity of the soil properties. 
2.9.6 Moisture Content 
A soil with a higher moisture content will remain at a lower temperature for a longer 
period of time, especially during the warmer months. This is due to the amount of energy 
that is required to increase the water temperature within the soil. The regions yearly 
rainfall can have a considerable effect on this.  
2.9.7 Depth 
Measurements show that below a certain depth, the ground temperature will remain 
relatively constant. This is due the high thermal inertia of the soil, which minimises the 
effects that temperature fluctuations at the ground surface have on soil temperature as 
depth increases. According to the ASHRAE Handbook of HVAC Applications, depths 
below 1m are usually insensitive to the cycle of air temperature, solar radiation and the 
fluctuation of the earth’s temperature.  
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3.0 Design Criteria 
3.1 Introduction 
The following assumptions and design parameters have been developed based on the 
review of existing studies and within the restraints of what would be deemed a financially 
viable solution. The design parameters however do not translate to the comparison model, 
as these will be based on the site based measurements obtained, which can be found in 
the results in Section 6.0. 
3.2 Assumptions 
For both the comparison model and the straight run model, the following assumptions 
were made: 
1. The soil surrounding the underground pipe is homogeneous and has constant 
thermal conductivity. 
2. There is full contact between the soil and the nominated pipe materials. 
3. The temperature profile of the soil within the pipe vicinity is not significantly 
affected by the presence of the pipe.  
4. The initial temperature of the surface of the nominated pipe materials are the same 
as the surrounding soil temperature at the specified depth. 
5. Thermal resistance of the pipe material is minimal for those identified as 
financially and practically viable as previously discussed. 
6. The model does not take into consideration condensation from change in RH. 
3.3 Pipe Material 
Existing literature has concluded that pipe material has little influence on the thermal 
performance of earth to air heat exchange systems. A separate review was undertaken to 
identify the most cost effective yet flexible solution in addition to these findings, whereby 
it was determined that HDPE was the most suitable material for this application. As the 
thermal properties of each material have little influence on the system it was decided that 
the surface temperature of the pipe be a constant temperature for the purpose of this 
dissertation dependent on the soil temperatures identified. 
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3.4 Pipe Diameter 
Upon review of previous studies, the diameter of pipe that was found to be most ideal for 
performance is anywhere between 150mm and 450mm. For the purpose of this 
dissertation, pipe diameters of between 100mm and 500mm have been used and increase 
by 50mm increments. As the pipe diameter increases so does the spatial requirements of 
the trench. Most machinery is only capable of digging to a maximum of 2m before special 
equipment is required. Also collapse can become a major issue. 
As per findings regarding the effects of depth on performance, a minimum of 1.5m is 
required to be maintained. At a depth of 2 m the top of the pipe would be sitting at 1.5m 
for a 500mm pipe. For the purpose of this dissertation the surrounding soil temperature 
will be unchanged based on changes in depth, as per assumption 4 above. 
3.5 Pipe Length 
It was identified above that pipe length is one of the most important parameters affecting 
performance of earth to air heat exchangers. At distances between 50 m and 70 m however 
the performance is no longer justifiable with respect to return investment. For the purpose 
of this dissertation numerous straight runs of length 90 m are modelled, whereby the exit 
temperature is measured at increments of 10 m. 
3.6 Air Velocity 
Results indicated that as the velocity of air increased within the pipe from a minimum of 
2 m/s, the exit air temperature increased. Performance however sometimes needs to be 
sacrificed, as commercial buildings require large amounts of outside air, and 2 m/s would 
mean a large number of pipes would be required to be installed, similar to an open loop 
system installed in parallel.  
The velocity of outside air ductwork is normally kept to a maximum of 6 m/s due to noise 
and the increase in static pressure. As this system is required to be mechanically 
ventilated, an increase in static pressure can also cause the fan size to be increased, which 
may lead to the system no longer being economical. For the purpose of this dissertation, 
the velocity of air in the straight run model changes between 2 m/s and 7.5 m/s at 0.5 m/s 
increments. 
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3.7 Air Temperature 
The ambient air temperatures included in this dissertation were obtained from BOM 
records that extend from 1940 through to 2014. From review of these records it can be 
seen that mean daily temperatures change from 19.5o C to 31.5o C depending on the time 
of the year and the time of day. As the average soil temperature in Townsville is 27o C 
and can change by up to 2o C each way, depending on the time of the year, the minimum 
ambient air temperature which would be practical for cooling is 25o C. This is due the fact 
that the system could no longer be used for cooling. 
The ambient air temperature used for the purpose of this dissertation was the maximum 
means daily temperature of 32oC. To determine the effects that irregular days have on the 
performance of these systems, an additional value of 42oC have also been used. 
3.8 Ground Temperature 
The ground temperature of Townsville at a depth of 2 m averages 27o C, however as 
identified previously this can change due to a number of different factors. For the purpose 
of this dissertation the ground temperature will be based on the average temperature of 
27o C. The performance of these systems will be greatly improved in other Tropical 
location such as Cairns, where the average soil temperature is typically 2o C to 3o C less 
than Townsville.  
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4.0 Consequential Effects 
4.1 Sustainability 
It can be seen that sustainability is an issue of great significance, and a field which 
engineers play a major role in. As new technologies continue to be rapidly introduced, 
the key aspects that are closely monitored tend to be the environmental issues that the 
new technology could cause, and whether the technology is sustainable.  
A method of assessing the sustainability of a new technology is by using the ‘Towards 
Sustainable Engineering Practice: Engineering Frameworks for Sustainability’, 
Institution of Engineers, Australia, Canberra, 1997. This particular document identifies 
the ten key aspects of sustainability. Although the topic of this dissertation is not a new 
technology, the following have been identified as the key aspects of sustainability with 
respect to this. 
#1. Development today should not undermine the development and environmental needs 
of future generations.  
#2. Environmental protection shall constitute an integral part of the development process.  
#9. People in developed countries bear a special responsibility to assist in the achievement 
of sustainability.  
As the method of cooling ambient air via underground conductive heat transfer does not 
require electricity to operate, and is normally constructed of a product requiring minimal 
maintenance, this type of system can be used as a sustainable option for not only pre-
cooling but cooling and heating in a number of locations not only in Australia but 
globally. 
4.2 Ethical Responsibility 
In any engineering activity being undertaken there is an ethical responsibility which is 
assumed by the person conducting the activity. The majority of this particular research 
project is risk free due to the fact it is primarily desktop based research, however it was 
still important that it be conducted in an ethical manner. The portion of this project that 
was not desktop related is the site based measurements, which was necessary to obtain 
data for analysis. As these measurements were site related, a number of safety issues such 
as environmental and manual handling were associated with this.  
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Considering that this project incorporated a site based component it was important that a 
review of the Engineers Australia Code of Ethics be undertaken to obtain guidance on 
how to complete this task ethically. Upon review it was found that Tenets 2, 4 and 7 were 
the most relevant to the task, and are as follows: 
#2.  Members shall act with honour, integrity and dignity in order to merit the trust of the 
community and the profession.  
#4.  Members shall act with honesty, good faith and without discrimination toward all in 
the community.  
#7.  Members shall express opinions, make statements or give evidence with fairness and 
honesty and only to the basis of adequate knowledge.  
After review of the guidelines it was determined that there are two essential guidelines 
that were to be adhered whilst undertaking this project. These are as follows: 
• Conduct all research with honour, integrity and dignity, which meant that all work 
was to be written using relevant literature and with truth. To ensure that all original 
authors of information sources were given relevant credit for their work, this 
document was referenced and carefully cited. 
• Risks associated with the project were to be managed to ensure there was no damage 
to either people or property. This is covered in section 4.3. 
4.3 Safety Issues 
To ensure that this research project was delivered with minimal risk, it was decided that 
the best method was to complete a risk assessment for all site based activities that were 
being conducted. This ensured an understanding of the relevant risks associated with the 
activities, and also put procedures in place to mitigate the likelihood of damage or injury 
occurring. 
A Safe Work Method Statement or SWMS was developed which identified each activity 
that would be undertaken along with the associated risks for each. This SWMS was 
reviewed and signed each time the activities were about to be undertaken to ensure that it 
was fully understood and that nothing had changed.  
Refer Appendix C for the Safe Work Method Statement.  
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5.0 Methodology 
5.1 Temperature Measurements 
The ideal location identified to collect temperature measurements for the comparison 
model and also obtain necessary data for the straight run model, was the James Cook 
University (JCU) Library, Townsville. In addition to this similar results recorded at 
CSIRO Davies Laboratory, Townsville by P.D. Dan and R.M. Aynsley (2000) were used 
to compare and justify the results. 
As part of refurbishment works to the ground floor of the library building, two separate 
concrete underground outside air paths were constructed to supply fresh air to both the 
North Western and North Eastern plant rooms of the building. Due to the large air quantity 
which was required to be supplied to each of these, two inline axial fans were installed to 
extract fresh air from outside the building before discharging through floor mounted 
grilles within the plant space. The underground supply selected for comparison is located 
at the North Western side of the Building. 
To allow the site based air and soil measurements to be undertaken, it was a requirement 
that written approval be obtained from JCU to confirm whether access to the plant rooms 
would be allowed, bore holes could be drilled at the positions nominated and to clarify 
that there were no legal implications for JCU associated with a student undertaking site 
based measurements. As part of the electronic request for approval, the email included 
the proposed scope, the associated methodology and the safe work method statement 
(SWMS) for the works being performed. 
A provision from JCU was to ensure that the positions nominated for soil measurements 
were approved by the Engineering Department. This was to ensure that there were no 
underground services located in these positions. Due to geotechnical surveys undertaken 
as part of the refurbishment works, the engineering faculty had accurate site plans, and 
the positions which are nominated in Section 5.1.1 below were approved. 
5.1.1 Soil Temperature 
To allow soil temperature measurements to be obtained at 9am and 3 pm daily for a period 
of 7 days, two individual holes were bored at depths of 1 and 2 metres with a maximum 
distance of 1m apart.  This was to ensure that the effect on the readings with respect to a 
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change in soil properties was mitigated. The position of the holes (1) (2) were at the North 
Eastern corner of the building as per the site mark-up below.  
 
Figure 18 – Location of Site Based Soil Temperature Readings 
 
The equipment that was hired on a weekly basis to bore these holes, was a ThermoFisher 
Scientific DOR62 Soil Auger Kit. The lead time on this equipment was just over a week 
as it was required to be delivered from Scoresby Victoria. The holes that were bored using 
the hand auger were 62mm in diameter. A smaller diameter hole was necessary to ensure 
minimal change to the soil surrounding the thermo couples. 
Before undertaking works, a SWMS was required to be reviewed and signed. Refer 
Appendix C. A part of the SWMS was to barricade the area where the works were being 
performed, which not only prevented possible injury to the public but also mitigated the 
chances of damage to the test equipment. The barricades were constructed from metal 
star pickets and orange mesh which was borrowed from the JCU Engineering Department. 
The position of the holes were marked out with pink marking paint, and bored on Sunday 
the 20th April 2014 in preparation for measurements the week of the 21st April 2014. 
Marks were placed on the extensions to identify when the required depth was reached. To 
obtain results at depths of 1 and 2 metres, a K type thermocouple temperature sensor 
along with 2 x 24 gauge K type thermocouples were purchased. This system was suitable 
for measuring temperatures between 0oC and 400oC with an accuracy of +/- 1oC. 
1 2 
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The thermocouple sensors were placed at the bottom of the bore holes before the removed 
soil was returned. The soil was carefully placed in order at surface level to ensure it was 
returned in the same order. The obtain results the thermocouples were connected to the 
temperature sensor at 9am and 3 pm daily for a period of 7 days. The plug ends of the 
thermocouples were wrapped in plastic overnight to prevent any damage. The surface was 
left free of any material to ensure the results were accurate. These results can be found 
below in Section 6.0 Results. 
5.1.2 Air Temperature 
To allow the ambient air on temperature and air off temperature to be obtained at 9am 
and 3pm daily for a period of 7 days, a HLP Red-i-Temp water proof digital thermometer 
was purchased. The thermometer was suitable for temperatures between -50oC and 200oC 
with an accuracy of +/- 1oC. Before undertaking works, a SWMS was required to be 
reviewed and signed. Refer Appendix C. The ambient air on temperature (3) was taken at 
the inlet to the underground outside air system located at the North Eastern corner of the 
building, whilst the air off temperature (4) was taken at the floor grille as per the site 
mark-up below.  
 
Figure 19 – Location of Site Based Air Temperature Readings 
 
Due to the fact that plant room was used as an outside air plenum, and the discharge 
velocity across the face of the floor grille would prevent infiltration, it was assumed that 
position of the readings were acceptable for the purpose of this study. These results can 
be found below in Section 6.0 Results. 
3 
4 
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5.2 Numerical Analysis 
Although this dissertation uses ANSYS Simulation Software to model the performance 
of an earth to air heat exchanger with various design criteria, based on the assumptions 
identified above in Section 3.2 Assumptions, it is also possible to determine the air off 
temperature via numerical analysis, dependent on the values specified. To following are 
the values which are required to be known to allow the air off temperature at a specified 
length to be found: 
Specified Term Symbol Unit 
Diameter of Pipe D m 
Velocity of Air V m/s 
Length of Pipe L m 
Ambient Air Temperature Ta Degree C 
Pipe Surface Temperature Ts Degree C 
Thermal Conductivity k W/m K 
Density of Air  Kg/m3 
Prandtl Number Pr - 
Absolute Viscosity  N.s/m2 
Specific Heat Cp J/kg K 
 
As the properties of the air will change throughout the process, the properties of dry air 
should be used for the initial bulk air temperature entering into the earth to air heat 
exchanger. Once these properties are known the Reynolds Number (Re) which determines 
the flow conditions is calculated for the system based. This is as follows: 
    	
                                                (5.2.1) 
To identify the appropriate equation to be used to determine the Nusselt Number (Nu), 
the Reynolds Number, Prandtl Number and relationship between L/D must be assessed 
against the following ranges of parameters: 



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If the properties are within the ranges identified above then the Dittus-Boelter equation 
can be used to find the Nusselt Number. Based on the design criteria identified above in 
Section 3.0, these values should always fall in these ranges. This equation for cooling is 
as follows: 
         !"                                (5.2.2) 
Once the Nusselt Number has been found the heat transfer coefficient hc can be 
determined using the following equation: 
#$  %&'	                                                   (5.2.3) 
Before the air off temperature can be found the mass flow rate of the air (m) must be 
determined. This can be found using the following equation: 
(  )  *  +,  -	./
.0(5.2.4) 
The following equation can be used to determine the air off temperature of the earth to 
air heat exchanger for the parameters that have been specified and the associated 
properties that have been found:  
12  13 4 15 6 13
  78 96 -:;<	=>?@ /A(5.2.5) 
To allow this result to be refined due to the initial result being based on the initial bulk 
inlet temperature, the above is to be recalculated until there is little difference between 
the iterative results. The following equation can also be used to check the accuracy of the 
results in there is still an error with the refinement process: 
12  (  B8  C1  #$  D3!E  C1(5.2.6) 
There should be little difference between the above due to rounding if the previous 
working is correct. 
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5.3 Computational Fluid Dynamics 
Computational fluid dynamics (CFD) is numerical simulation software tool that utilises 
numerical analysis methods to determine the behaviours of fluid or gas flow, heat transfer, 
phase change, reactions, mechanical movement, stress and deformation to name a few.  
CFD software such as ANSYS Fluent uses the finite difference numerical method. The 
fluid or gas flow is broken into discrete control volumes via a computational grid 
composed of discrete grid points that are interconnected and encompassed with the 
boundaries in a process called discretization. The boundaries that are defined are inlets, 
outlets, surfaces and a number of other conditions that can be applied which influence the 
domain. Differential equations are created for each grid point which can be assigned to 
algebraic equations that are solved using iterative processes until convergence is reached. 
Convergence can be described as a point where the solution no longer changes with 
successive iterations, or alternatively as the stage at which the governing equations are 
satisfied with the defined tolerances call residuals. 
5.4 ANSYS Simulation Model 
The ANSYS Simulation Software that was used to develop both the Comparison Model 
and Straight Run Model was ANSYS Version 15.0. The specific programs used which 
form part of this software are as follows: 
• ANSYS ICEM CFD which is a pre-processing program that generates the 
geometry and mesh for the CFD simulations. 
• ANSYS Fluent which is a CFD solver and post-processing program that uses the 
finite-volume method. 
A further description of how these models were developed and the results were obtained 
can be found below. 
5.4.1 Model Development 
5.4.1.1 ANSYS ICEM CFD 
The first step was to create a working directory and then create a new project. It was 
ensured that both the working directory and new project names had no spaces. This could 
be verified in the message window. 
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From the geometry tab create points was selected, whereby explicit co-ordinates XYZ 
were used. Using this, points were created that represented the length, inner dimensions 
and thickness of the air path for the comparison model, and the pipe for the straight run 
model. 
To create straight lines and curves, create/modify curve was selected from geometry, 
which could be found under the function tab. Using this function the inner wall, outer 
wall, air inlet, air outlet and wall sides,  for each model was developed. It was crucial that 
each of the different parts be given names to allow different boundary conditions to be 
set in Fluent. 
To create the surfaces for the air flow and pipe wall, create/modify surface was selected 
from geometry, ensuring that inherit part was not selected. The inner wall, air inlet and 
air outlet was selected, whereby a surface was created for air flow. The inner wall, outer 
wall and wall sides was selected, whereby a surface was created for the pipe. It was crucial 
that each of the surfaces be named descriptively to allow different material zones in Fluent 
to be set. 
The next step was to apply a mesh to the edges and surfaces. The inner and outer walls 
were selected, whereby the number of nodes was entered. This was similar for the air 
inlet, air outlet and wall sides. It was ensured that the curve direction for air inlet and air 
outlet were correct. A bunching law (Geometric 2) was selected and the spacing and ratio 
nominated for the air inlet and air outlet to allow the size of the elements near the wall 
where temperature gradients are the highest to be decreased. 
Once completed compute mesh was selected from mesh, which could be found under the 
function tab. Surface mesh only was selection whereby overwrite surface present was 
checked and all quad was selected for the mesh type. Once computed this was exported 
to allow the mesh to be used in Fluent. 
5.4.1.2 ANSYS Fluent 
Once the mesh was opened in ANSYS Fluent a number of checks and changes were 
required to be undertaken. These were as follows: 
• The mesh was checked to ensure it was valid along with the surface names.   
• The scale of the mesh was selected to be in mm 
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• The unit of temperature under quantities was selected as Degrees Celsius. 
• Under solver the type selected was pressure based, the time selected was steady, 
the velocity formulation selected was absolute, the 2D space selected was 
axisymmetric and it was ensured that gravity was unchecked. 
Models was selected under solution setup which could be found in the navigation pane, 
whereby energy equation under energy was selected and laminar flow under viscous-
laminar was selected. It was ensured that the all models such as multiphase, radiation 
and heat exchanger to name a few were not selected. 
The next step was to select material properties. In this instance the default properties for 
air was used, however individual properties for the material for the comparison model 
and straight run model were used. The material name for the comparison model was 
concrete, and the material name for the straight run model was HDPE. The properties that 
were required to be entered were density , specific heat c and thermal conductivity k. It 
was confirmed that each of these materials were added under materials. 
The operating conditions which required the operating pressure to be selected could be 
found under zone then fluid. The operating pressure selected was 101,325 Pa (standard 
atmospheric pressure). The final set of conditions that was required to be set was the 
boundary conditions. Boundary conditions was selected under solutions setup. The 
boundary conditions defined in ICEM CFD, each had the relevant conditions applied. 
These were as follows: 
• Air inlet had a velocity magnitude and temperature condition applied. This 
condition differed between models as the comparison model used site based 
measurements and the straight run model used defined values. 
• Air outlet had a gage pressure (0 Pa) and backflow total temperature (oC) applied. 
• The inner wall had a material and coupled thermal condition applied, whereas the 
outer wall had a material and temperature condition applied. This condition 
differed between models as the comparison model used site based measurements 
and the straight run model used defined values. 
• The side walls had a material and temperature condition applied. The temperature 
condition however was assumed to be neglected and hence was set at (0 W/m2). 
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5.4.2 Reporting of Results 
The reporting of results process was broken into two parts. The first was processing and 
the second was post processing. As the results were exported into excel, the post 
processing was limited as this is typically used for developing vector plots and xy plots. 
The first step to be performed as part of processing was to set the following options under 
spatial discretization: 
• Gradient was set to least squares cell based 
• Pressure was set to second order 
• Momentum was set to second order upwind 
• Energy was set to second order upwind 
The next step was to select standard initialization to provide more accurate results and 
reduce the number of iterations until convergence is achieved. Once this was completed 
check case which could be found under run solution then run calculation was selected to 
verify whether or not the models had any significant problems.  
Once the model was debugged, the solution setup and initial guess files were saved. The 
last step was to nominate the number of iterations prior to running the calculations. It was 
typical for the models to converge after about 200 iterations. 
As the values for velocity, ambient air temperature and soil temperature differed, the 
model was required to have the boundary conditions revised and the calculations run each 
time. The results from each of these was exported into excel due to the ability to model 
multiple results in the one figure. 
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6.0 Results 
6.1 Introduction 
The results of the two different models detailed in Section 5.0 Methodology above can be 
found under their relevant headings below.  
As previously discussed the Straight Run Model was developed to document the effects 
that the pipe diameter, airflow velocity and pipe length would have on the exit air 
temperature, dependent on the entering air and soil temperature values nominated whilst 
the Comparison Model was developed to compare the site based measurements with the 
comparison model results to determine the validity of the model, based on the temperature 
measurements that were recorded over the 7 day period. 
6.2 Existing System for Model Comparison 
The values recorded for the site based temperature measurements at the James Cook 
University (JCU) Library, Townsville have been tabled below. These values were 
recorded as per the methodology detailed in Section 5.0 Methodology above. 
Temperature Mon Tues Wed Thu Fri Sat Sun 
Air In (9am) 25.8 23.2 27.1 25.7 27.8 28.0 27.8 
Soil 1m (9am) 26.5 26.3 26.3 26.1 26.6 26.6 26.5 
Soil 2m (9am) 26.8 26.7 26.9 27.1 26.9 27.1 26.9 
Air Off (9am) 26.0 24.1 26.8 26.0 27.6 27.6 27.5 
Air In (3pm) 29.1 27.1 30.8 28.5 31.1 31.4 31.2 
Soil 1m (3pm) 26.7 26.5 26.5 26.3 26.7 26.8 26.7 
Soil 2m (3pm) 26.9 26.7 27.0 27.1 26.9 26.9 27.0 
Air Off (3pm) 28.5 27.0 29.0 28.0 29.8 29.9 29.9 
Table 4 – James Cook University Library Townsville Site Measurements 
The values in Table 4 above have been incorporated in Figure 20 below to allow the 
results of the comparison model and site based measurements to be analysed and allow 
the validity of the comparison model to be assessed.  
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Upon review of Figure 20 it can be seen that the results from the comparison model and 
the site based measurements are within less than 1oC of each other for both the 9pm and 
3pm results. 
 
Figure 20 – Site Measurement and Comparison Model Results 
Temperature Mon Tues Wed Thu Fri Sat Sun 
Model (9am) 26.1 24.1 26.8 26.0 27.8 27.5 27.5 
Model (3pm) 28.4 27.0 28.8 27.9 29.7 29.8 29.8 
Table 5 – ANSYS Comparison Model Results 
The values in Table 5 above are the ANSYS comparison model results which have been 
incorporated in Figure 20 above to allow the results of the comparison model and site 
based measurements to be analysed and allow the validity of the comparison model to be 
assessed. These results were obtained using the air on temperature and soil temperature 
values recorded during the collection of the site based measurements. 
6.3 Straight Run Model 
The below figures represent the effects that pipe diameter, air velocity, air on temperature 
and air off temperature have on the earth to air heat exchanger systems over a 90m run 
with 10m increments for the various parameters identified in Section 3.0 Design Criteria 
above.  
For Section 6.3.1 and 6.3.2 the ambient air temperature used was 32oC and the soil 
temperature was 27oC. For Section 6.3.3 and 6.3.4 these values vary as described below. 
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6.3.1 Effects of Pipe Diameter on Exit Air Temperature 
 
          
Figure 21 – Velocity 2.0m/s - In 32oC - Soil 27oC          Figure 22 – Velocity 2.5m/s -In 32oC - Soil 27oC  
         
Figure 23 – Velocity 3.0m/s - In 32oC - Soil 27oC          Figure 24 – Velocity 3.5m/s -In 32oC - Soil 27oC  
      
Figure 25 – Velocity 4.0m/s - In 32oC - Soil 27oC          Figure 26 – Velocity 4.5m/s -In 32oC - Soil 27oC  
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Figure 27 – Velocity 5.0m/s - In 32oC - Soil 27oC          Figure 28 – Velocity 5.5m/s -In 32oC - Soil 27oC  
     
Figure 29 – Velocity 6.0m/s - In 32oC - Soil 27oC          Figure 30 – Velocity 6.5m/s -In 32oC - Soil 27oC  
     
Figure 31 – Velocity 7.0m/s - In 32oC - Soil 27oC          Figure 32 – Velocity 7.5m/s -In 32oC - Soil 27oC  
Figures 21 to 32 portray the effects that pipe diameter has on the air off temperature, 
whereby the same air velocity was applied to the different diameters between 0.1m to 
0.5m.   
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6.3.2 Effects of Air Velocity on Exit Air Temperature 
      
Figure 33 – Pipe 0.1m - Inlet 32oC - Soil 27oC            Figure 34 – Pipe 0.15m - Inlet 32oC - Soil 27oC 
      
Figure 35 – Pipe 0.2m - Inlet 32oC - Soil 27oC             Figure 36 – Pipe 0.25m - Inlet 32oC - Soil 27oC 
       
Figure 37 – Pipe 0.3m - Inlet 32oC - Soil 27oC             Figure 38 – Pipe 0.35m - Inlet 32oC - Soil 27oC 
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Figure 39 – Pipe 0.4m - Inlet 32oC - Soil 27oC             Figure 40 – Pipe 0.45m - Inlet 32oC - Soil 27oC 
 
Figure 41 – Pipe 0.5m - Inlet 32oC - Soil 27oC              
Figures 33 to 41 portrays the effects that air velocity has on the air off temperature, 
whereby different velocities between 2m/s and 7.5m/s were applied to the same diameter 
pipe over the different diameters ranging from 0.1m to 0.5m in 0.5m increments.  
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6.3.3 Effects of Inlet Air Temperature on Exit Air Temperature 
      
Figure 42 – Velocity 2.0m/s - In 42oC - Soil 27oC          Figure 43 – Velocity 2.5m/s -In 42oC - Soil 27oC  
     
Figure 44 – Velocity 3.0m/s - In 42oC - Soil 27oC          Figure 45 – Velocity 3.5m/s -In 42oC - Soil 27oC 
       
Figure 46 – Velocity 4.0m/s - In 42oC - Soil 27oC          Figure 47 – Velocity 4.5m/s -In 42oC - Soil 27oC  
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Figure 48 – Velocity 5.0m/s - In 42oC - Soil 27oC          Figure 49 – Velocity 5.5m/s -In 42oC - Soil 27oC 
      
Figure 50 – Velocity 6.0m/s - In 42oC - Soil 27oC          Figure 51 – Velocity 6.5m/s -In 42oC - Soil 27oC 
      
Figure 52 – Velocity 7.0m/s - In 42oC - Soil 27oC          Figure 53 – Velocity 7.5m/s -In 42oC - Soil 27oC 
Figures 42 to 53 portrays the effects that the higher ambient air temperature has on the air 
off temperature to allow the maximum capacity for additional cooling for each system to 
be determined.   
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6.3.4 Effects of Soil Temperature on Exit Air Temperature 
      
Figure 54 – Velocity 2.0m/s - In 32oC - Soil 25oC          Figure 55 – Velocity 2.5m/s -In 32oC - Soil 25oC  
     
Figure 56 – Velocity 3.0m/s - In 32oC - Soil 25oC          Figure 57 – Velocity 3.5m/s -In 32oC - Soil 25oC 
       
Figure 58 – Velocity 4.0m/s - In 32oC - Soil 25oC          Figure 59 – Velocity 4.5m/s -In 32oC - Soil 25oC 
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Figure 60 – Velocity 5.0m/s - In 32oC - Soil 25oC          Figure 61 – Velocity 5.5m/s -In 32oC - Soil 25oC 
      
Figure 62 – Velocity 6.0m/s - In 32oC - Soil 25oC          Figure 63 – Velocity 6.5m/s -In 32oC - Soil 25oC 
      
Figure 64 – Velocity 7.0m/s - In 32oC - Soil 25oC          Figure 65 – Velocity 7.5m/s -In 32oC - Soil 25oC 
Figures 54 to 65 portrays the effects that the lower soil temperature has on the air off 
temperature to allow the additional capacity for cooling for each of the systems to be 
determined.   
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7.0 Discussion 
7.1 Introduction 
The following section attempts to discuss the validity of the ANSYS Simulation Software 
model in comparison with an existing system, as well as discuss the effects that the pipe 
diameter, airflow velocity and pipe length has on the exit air temperature, dependent on 
the ambient air and soil temperature values nominated. 
7.2 Existing System for Model Comparison 
When comparing the results of the site measurements taken at the James Cook University 
Library with the ANSYS Simulation Software model results, it can be seen that these 
results closely correlate to within a difference of 0.2o C. This correlation however appears 
to be dependent on the range of the change in temperature (T) as the greater the 
temperature difference, the greater the difference in results. This difference although 
minimal is most likely due to the assumptions that were made regarding the change in 
temperature surrounding the pipe and the thermal conductivity of the pipe material itself. 
Tables 6 and 7 below have been broken into 9am and 3pm to allow a review of the cooler 
and warmer periods typically used for heat load modelling to be undertaken. As these 
temperature measurements were taken in late April it can be seen in Table 6 below that 
the system at 9am is operating in heating mode for 3 (italics) of the 7 days the site 
measurements were recorded. To prevent heating from occurring in such system during 
the cooler months recommendations have been made under Section 8.0 
Recommendations. For the existing system that was used for comparison however there 
is no redundancy or control system in place to allow this system to operate efficiently.  
Temperature Mon Tues Wed Thu Fri Sat Sun 
Air In (9am) 25.8 23.2 27.1 25.7 27.8 28.0 27.8 
Soil 1m (9am) 26.5 26.3 26.3 26.1 26.6 26.6 26.5 
Air Off (9am) 26.0 24.1 26.8 26.0 27.6 27.6 27.5 
Model (9am) 26.1 24.1 26.8 26.0 27.8 27.5 27.5 
Table 6 – Existing System vs Comparison Model Results (9am) 
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Temperature Mon Tues Wed Thu Fri Sat Sun 
Air In (3pm) 29.1 27.1 30.8 28.5 31.1 31.4 31.2 
Soil 1m (3pm) 26.7 26.5 26.5 26.3 26.7 26.8 26.7 
Air Off (3pm) 28.5 27.0 29.0 28.0 29.8 29.9 29.9 
Model (3pm) 28.4 27.0 28.8 27.9 29.7 29.8 29.8 
Table 7 – Existing System vs Comparison Model Results (3pm) 
From Table 7 above, in particular Tuesday and Saturday, it can be seen that where there 
is a greater difference between the soil temperature and the ambient air temperature that 
the rate of change was greater than that of a lower temperature difference. This is due to 
the rate of change being lower as the difference in temperature decreases.  
7.3 Straight Run Model 
From the results of the comparison model above it is fair to assume that the straight run 
model which was developed in ANSYS following the same methodology for that of the 
comparison model is suitable for the purpose of determining the effects that the different 
parameters have on the exit air temperature of an earth to air heat exchanger. These effects 
are discussed in detail below. 
7.3.1 Effects of Pipe Diameter on Exit Air Temperature  
It was previously found in the studies by Lee and Strand (2006) and Goswami et al (1990) 
that the performance of an earth to air heat exchanger system decreases in performance 
as the diameter of the pipe increases. In Table 8 below it can be seen that these results 
correlate with the existing literatures findings. It can therefore be assumed that between 
this correlation and the verification of the model from comparison with an existing system 
above that the results accurately reflect the operation of the system with the assumptions 
made. This in turn allows the accuracy of the effects of pipe diameter to be taken into 
consideration in the development of a recommended selection criteria dependent on the 
outside air design quantity. Based on the results in Table 8 below for pipe diameters 
between 0.1m to 0.5m and same air velocity of 2.0 m/s, a comparison of these results by 
an engineer can allow an ideal system which takes into consideration the pipe diameter 
to be determined based on the associated length of the system. 
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Table 8 – Effects of Pipe Diameter on Exit Air Temperature - Inlet 32 C - Soil 27 C 
As previously discussed the selection is highly dependent on the outside air quantity that 
is required whereby 10 L/s per person is typical as per AS1668.2. From the above results 
it can be seen that as the pipe diameter increases so does the air flow quantity in L/s. For 
an example system requiring 200 L/s a selection could be either 2 x 0.25m pipes or a 
single 0.35m pipe. Based on the performance there is a minimal difference between the 
two proposed methods after 50m, therefore comparing the costs versus benefits the larger 
pipe would be the ideal selection. This selection also has the potential to reduce the fan 
size due to the lower static pressure associated with the system reducing the difference in 
return for not going with the lower exit air temperature option. 
7.3.2 Effects of Air Velocity on Exit Air Temperature  
It was previously found in the study by Lee and Strand (2006) and Goswami et al (1990) 
that the performance of an earth to air heat exchanger system decreases in performance 
as the air velocity for the same diameter pipe increases. In Table 9 below it can be seen 
that these results correlate with the existing literatures findings. It can therefore be 
assumed that between this correlation and the verification of the model from comparison 
with an existing system above that the results accurately reflect the operation of the 
system with the assumptions made. This in turn allows the accuracy of the effects of air 
velocity to be taken into consideration in the development of a recommended selection 
criteria dependent on the outside air design quantity.  
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Based on the results in Table 9 below for air velocities between 2.0 m/s to 7.5 m/s and 
same pipe diameter 0.5 m, a comparison of these results by an engineer can allow the 
ideal system which takes into consideration the air velocity to be determined based on the 
associated length of the system. 
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Table 9 – Effects of Velocity on Exit Air Temperature - Inlet 32 C - Soil 27 C 
As previously raised, the selection is highly dependent on the outside air quantity that is 
required, whereby 10 L/s per person is typical as per AS1668.2. From the above it can be 
seen that as the air velocity increases so does the air flow quantity in L/s. For an example 
system requiring an air flow quantity of 1000 L/s the selection could be a single 0.5 m 
diameter pipe at 5.0 m/s or 2 x 0.5m diameter pipes at 2.5 m/s. Based on the performance 
of these systems, especially over a longer system length and comparing the costs versus 
benefits the higher velocity would be the ideal selection.  
It can be seen that when comparing the results of Table 8 and Table 9, that the 
performance of the system is less affected by an increase in velocity than that of an 
increase in pipe diameter. It should therefore be considered that an increase in air velocity 
be taken into consideration before increasing pipe diameter.  
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7.3.3 Effects of Pipe Length on Exit Air Temperature  
It was previously found in the study by Lee and Strand (2006) and Goswami et al (1990) 
that the performance of an earth to air heat exchanger system decreases once the system 
length is greater than 50m. Based on the review of these results and the results of this 
dissertation it can be seen that the rate of change after 50m begins to decrease, however 
is highly dependent on the parameters such as pipe diameter and air velocity. From the 
results it can be seen that the plateau in temperature is not due to the performance of the 
system due to its length, but is actually due to the rate of change which decreases as the 
ambient air temperature which enters the system approaches that of the surrounding soil 
temperature / pipe surface. 
It can be concluded that the ideal length of the system is greatly dependent on the pipe 
diameter and air velocity. This can be validated upon review of Table 8 above whereby 
the ambient air temperature plateaus for a diameter of 0.2 m after 60 m and for a diameter 
of 0.25 m after 80 m. In a situation where the greatest decrease in temperature is desired, 
the choice would be to either install a longer run with a single pipe, or a shorter run with 
two or more pipes. In most situations the cost to install two pipes in place of a single pipe 
where the system length is greater than 10m between them would be more financially 
viable and would need to be considered by the engineer. 
7.3.4 Effects of Higher Ambient Air Temperature on Exit Air Temperature  
To determine the effects that the higher entering ambient air temperatures had on the 
exiting air temperature of an earth to air heat exchange system, a maximum daily 
temperature for Townsville of 42oC was modelled in ANSYS for each of the defined 
parameters.  
From the results in Table 10 below for pipe diameters between 0.1m to 0.5m and same 
air velocity of 2.0 m/s, it can be seen that greatest change in temperature occurs within 
the first 10m, whereby the temperature begins to start following a similar curve to that of 
Table 8 above when the entering ambient air temperature was modelled as 32oC.  
From the earlier discussions regarding the effects of different parameters on earth to air 
heat exchange systems, it was found that the difference in soil temperature and entering 
ambient air temperature greatly effects the system due to the higher rate of change with 
the larger temperature differences.  
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Table 10 – Effects of Higher Ambient Air Temperature on Exit Air Temperature 
It can be concluded based on these findings that earth to air heat exchange systems 
perform greater when there is a higher temperature difference between the air and soil, 
however when a proposed system will be designed with a larger diameter pipe and higher 
air velocity that the exiting air temperature will be higher than that of a lower ambient 
entering air temperature. This is due to these larger air flow systems have poorer 
performance than that of the smaller diameter pipes. 
7.3.5 Effects of Lower Soil Temperature on Exit Air Temperature 
To determine the effects that the lower soil temperatures had on the exiting air 
temperature of an earth to air heat exchange system, a minimum soil temperature for 
Townsville of 25oC was modelled in ANSYS for each of the defined parameters.  
From the results in Table 11 below for pipe diameters between 0.1m to 0.5m and same 
air velocity of 2.0 m/s, it can be seen that the performance within the first 10m has 
increased in all instances form that of Table 8 above. This again appears to be because of 
the difference in soil temperature and entering ambient air temperature greatly effecting 
the system due to the higher rate of change with the larger temperature difference. 
Although these results were expected, it can be seen that even a change in 2oC can greatly 
affect the performance of the system and shows the importance of treating the area where 
the system is proposed to be installed. This however was not covered in this dissertation 
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Table 11 – Effects of Lower Soil Temperature on Exit Air Temperature 
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8.0 Conclusion 
ANSYS Simulation Software has been used to model an existing system to allow site 
based measurements to be compared against the numerical results in determining the 
validity of a comparison model. On comparison of these results the model was found to 
have slightly better performance, however this was between 0.1o C and 0.2o C which 
meant that the model could be accepted based on the assumptions that had been made.  
Due to the confirmed validity of this model, a straight run model was developed to 
identify the effects that pipe diameter, airflow velocity and length have on an earth to air 
heat exchange system. Pipe material was not modelled as previously proposed due to the 
viable pipe materials having minimal effect on performance based on concluding remarks 
in relevant literature. 
Upon review of the results it was found that the specifiable diameter that has the greatest 
effect on performance is pipe diameter followed by pipe velocity. When comparing 
results for the same outside air quantity, it could be seen that raising the air flow velocity 
in a smaller pipe provides better performance than increasing the pipe diameter to achieve 
the desired quantity. It could also be seen from the results that a longer system will allow 
the entering ambient air temperature to reach the same temperature as the soil, however 
the financial viability of such systems where a larger pipe is used becomes questionable 
due to the excessive length required to achieve uniformity. 
From the ANSYS straight run model results, selection tables were able to be developed 
based on the three different operating scenarios found under Appendix D to F. The first 
was a typical scenario based on the mean soil and ambient temperatures for Townsville. 
The second was a best case scenario where the soil temperature is 25oC and ambient air 
temperature is 32oC. The third was a worst case scenario where the entering ambient air 
temperature is 42oC and soil temperature is 27oC.  
Using these selection tables it is possible for a building services engineer in North 
Queensland, in particular Townsville, to design an underground pre-cooling system that 
can achieve the optimal performance based on the limitations of the site or budget. This 
can also assist in determining the associated costs and payback period an earth to air heat 
exchange system based on the outside air quantities and heat loads identified during 
design.  
61 
 
 
 
 
 
9.0 Recommendations 
9.1 Introduction 
The following section describes the control strategies which would need to be considered 
in the design of an outside air system incorporating an earth to air heat exchanger to ensure 
that the system operates efficiently and that potential issues surrounding moisture 
accumulation and indoor air quality are avoided. This section also describes the future 
research which should be undertaken in correlation with this project to allow a model 
which can determine the performance of the system being designed in any location, which 
also takes into consideration the effects on the surrounding soil due to the operation of 
the heat exchanger. 
9.2 System Control 
9.2.1 Temperature 
It was discussed earlier in this dissertation that throughout a portion of the year the outside 
air will be at a lower temperature than that of the soil temperature surrounding the earth 
to air heat exchanger system. Taking this into consideration it is understood that the 
system during this period of time would act as a heater rather than a pre-conditioner. To 
ensure that this change in temperature does not affect the overall efficiency of the air 
conditioning system being served in a cooling only system, it is recommended that a 
control strategy be developed to ensure that the preferred air temperature from either the 
underground duct or pipe, or from natural surface level serve the air conditioning system. 
Such a control system would be consist of two motorised outside air dampers and two 
temperature sensors, whereby the position of each of these dampers is controlled by their 
relevant temperature sensor. In a situation where the temperature above the ground is at 
a more desired temperature based on the sensors readings, the position of the damper 
serving the system above ground would be open and the position of the damper serving 
the underground pipe or duct would be closed. Another factor to take into consideration 
would be the control of the inline fan/s which supply the outside air either directly to the 
air conditioning unit being served via hard ducting, or to a plenum which houses multiple 
units. As the automatic control algorithm compares the two outside air temperatures to 
select the more desired temperature, a signal would need to tell the fans serving the above 
ground or below ground system to start or stop. Whether the outside air system needs an 
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additional fan however is highly dependent on the static pressure of the system, the 
quantity of outside air and the number of air conditioning units being served. 
The systems described above could be modified to suit any operation whereby the 
preference is for cooling or heating. In some climates these systems are used for heating 
which means that this system would operate in reverse to that described above. Typically 
in a location such as Townsville, the air temperature during the day in winter remains at 
a temperature ideal for cooling, which means that it would be rare that the system would 
operate in heating mode. 
9.2.2 Moisture Accumulation and Indoor Air Quality 
The potential for water to form inside the earth to air heat exchanger tubes was well 
documented by Abrams (1986). It is known that condensation will occur when the 
temperature of the air inside the earth to air heat exchanger system drops below that of 
the dew point temperature of the air. As the underground system cools the warm humid 
air it is known that the relative humidity of the air will always increase in conjunction 
with the overall change in temperature. For example when air at 30oC and 60% RH is 
cooled to 25oC, the relative humidity of the air will increase to 83%. It is important to 
note that the comfort levels in an air conditioned space is not only dependent on 
temperature, it is also highly dependent on the relative humidity.  
When modelling a particular structure in Camel (Air Conditioning Load Software) to 
determine the capacity of the air conditioning system/s serving the structure, the air on 
conditions should take into consideration the relative humidity of the outside air exiting 
the earth to air heat exchanger. This will ensure that the system is capable of removing 
the excess moisture content of the air due to the associate cooling of the earth to air heat 
exchanger.  
In a location such as Townsville which was the basis for this dissertation it could be seen 
that the relative humidity of the air is typically between 60% and 75% RH at 9am. If the 
air entering the system is 32oC and 75% RH then the dew point is 27oC. This means that 
based on the typical performance on the system for smaller diameter pipes at lower 
outside air quantities condensation will occur at these higher RH’s. It is therefore 
recommended that when designing the earth to air heat exchanger system with the 
spreadsheets found in the Appendices of this dissertation, that these systems either be 
selected with a lower performance to prevent condensation, or incorporate drainage 
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whereby the pipes are installed with a 1o tilt allowing the condensate to run to a service 
pit with a pump to remove the condensate. It is also recommended that HDPE be used 
due to its watertight construction in conjunction with mould treatment  
9.3 Future Research 
 
The current model is limited to North Queensland as the ground temperature is known 
for this location, however the ground temperature for other locations is not. It was found 
in the literature review that the ground temperature is greatly affect by solar radiation, 
soil colour, moisture content and the ground surface temperature to name a few. Past 
research has shown that it is possible to determine the temperature of the soil in different 
locations if certain variables such as average ground surface temperature, amplitude and 
thermal diffusivity of the soil are known, however this doesn’t take into consideration the 
effects that an earth to air heat exchanger system has on the surrounding soil temperatures.  
An experiment to investigate the effects of such a system on soil temperature was 
undertaken by Goswami et al (1990). It was found that the thermal conductivity decreased 
around the heat source with respect to time due to the movement of moisture away from 
the heat source, however reset once the system stopped operating. It was also found that 
this was greatly affected by the soil rock or backfill surrounding the earth to air heat 
exchanger. 
Taking the above into consideration, it can be seen that it is possible to develop a model 
which can determine not only determine the temperature of the soil throughout the year 
but also the change in thermal conductivity of the soil surrounding the earth to air heat 
exchanger. Both of these however are highly dependent on the soil properties being 
known which would normally be found during the geotechnical investigation for the site 
to allow the civil and structural design to proceed. 
To determine the accuracy of a model which combines this future research with the 
research documented in the dissertation above, it would be recommended that an 
experimental system be constructed and data collected for an entire year to allow a 
comparison of each of the results to take place and confirm the overall validity of the 
combined model. 
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University of Southern Queensland 
 
FACULTY OF ENGINEERING AND SURVERYING 
 
ENG4111/4112 Engineering Research Project 
PROJECT SPECIFICATION 
 
FOR: Nathan Michael SHEPHERD 
TOPIC: OPTIMISATION OF OUTSIDE AIR PRE-COOLING VIA 
UNDERGROUND CONDUCTIVE HEAT TRANSFER  
SUPERVISOR: Dr Ruth Mossad 
ENROLMENT: ENG 4111 – S1, 2014; 
 ENG 4112 – S2, 2014 
PROJECT AIM: To determine the ideal material, area, velocity, and distance of the 
pipework/ductwork system, to be used in future underground 
outside air pre-cooling, before entry into air conditioning systems 
in North Queensland 
PROGRAMME: (Version 1, 17 March 2014) 
1. Research background information relating to soil temperature, underground pipe 
material properties, and current methods of underground cooling. 
 
2. Undertake soil, ambient air and leaving air temperature measurements at the 
James Cook University Library as a basis for comparison and modelling. 
 
3. Use Ansys (Modelling Software) to develop a simple straight run model which 
will portray the effects that the material, diameter of pipe, velocity of airflow, and 
distance of ductwork will have on ambient outside air supply temperatures. 
 
4. Use Ansys (Modelling Software) to develop a comparison model of the “as 
installed” concrete structure at the James Cook University Library to compare 
with recorded results. 
 
5. Analyse the results taken from onsite measurements, against the Ansys model, to 
determine the validity of the model. 
 
6. Compare new results and existing results from previous literature, and then 
conclude with the recommended findings. 
 
As time permits: 
 
7. Use Camel (Modelling Software) to analyse the effects that various lower ambient 
outside air supply temperatures have on plant/equipment capacity. 
 
8. Compare the cost savings identified from the decrease in plant size and associated 
operating costs against the initial capital outlay of a proposed system. 
 
Agreed:   (Student)  Agreed:     (Supervisor) 
Date:            /      / 2014    Date:            /      / 2014 
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Appendix C – Safe Work Method Statement 
  
  
SAFE WORK METHOD STATEMENT 
 (Quality, Environment, and Safety) 
 
 
   
Address: 42 Franklin Drive Mt Louisa, QLD, 4814 
 
Contact: Nathan Shepherd 
 
Contact Number: 0419 744 765 
Project Name: JCU Site Based Measurements 
 
Project Location: JCU Library 
 
Project Address: JCU Townsville 
Description: Site Based Temperature Measurements 
Authorised Person:   
Name: Nathan Shepherd  
Qualifications: Project Manager  
Approval of WMS: Signature: Date:  
WMS Withdrawn: Signature: Date:  
Work Activity 
Completed: Signature: Date:  
The following personnel have responsibility for and are competent for supervision of the work and the inspection and approval of work areas, work methods, protective measures, plant equipment and power tools. 
Name Role Contact Details Quals/Experience Signature Date 
Nathan Shepherd Researcher 0419 744 765 Project Manager   
 
    
 
 
    
 
      
      
 
 
 
   
                       Page 1 of 13 
 
  
SAFE WORK METHOD STATEMENT 
 (Quality, Environment, and Safety) 
 
 
 
 
 
          
                                                   Page 2 of 13 
 
 
Hazards Checklist– Indicate With  
Hazard Energy Hazard Work Environment /Situation 
Electrical Energy       (Exposure To: Electricity) 
 Confined Spaces   
Stored Energy           (Exposure To: Hydraulic, Pneumatic, Steam) 
 Working At Heights   
Gravitational Energy (Person Falling To Same Or Lower Levels, 
Objects Falling)  Open Pits/Excavation   
Mechanical Energy   (Exposure To: Machinery, Moving Parts, Pinch 
Points, Etc.)   Hot Work   
Thermal Energy         (Exposure To: Heat Or Cold)  High/Low Voltage Access  
Human Energy          (Manual Handling – Repetitive Movements, 
Awkward Posture, Cramped Environment Etc)  Other:  
Noise Energy            (Exposure To: Impact Noise, Sustained Noise)  Haz Plant: 
Chemical Energy      (Exposure To: Acid, Alkalise, Toxins, Asbestos, 
Gases, Fumes, Etc.)   Crane/Lifts   
Radiation Energy      (UV/Ionising, Non-Ionising Radiation)  Scaffolding   
Biological Energy     (Bites, Stings, Hep “B”, Etc)  Traffic/Mobile Plant  
Other:  Electrical Tools  
  Other:  
Environmental Impacts Checklist 
Air Emission 
 
Waste Management  Other 
 
Water Discharge  
 
Soil Contamination  
  
Noise Emission 
 
Vegetation Damage  
  
PPE Requirements For This Work Task Other Requirements 
Gloves  Long Sleeves/Pants  Warning Tags  
Hearing Protection  Roped Area/Barricades  Personal Locks  
Safety Glasses  Routing Of Hoses, Leads  Equipment Tagged & Tested  
Face Shield  System Purged  Ventilation  
Safety Boots  Acid Suit  ELCB  
Hard Hat  Harness  Fire Extinguishers  
High Visibility   Work Place Lighting    
Lifting/Use Of Crane Activities/Actions If Applicable 
Person Undertaking The Lift Is Experienced/Trained In Use Of Cranes And Lifting Yes
   No   
Simple Lift Of Workshop Material  Yes
   No   
Lifting Of Equipment With Designated Lifting Point And Lifting Point (Rated) Yes
   No   
Other Yes
   No   
 
Emergency Response 
Emergency Procedure Assess Situation, Secure and Make Safe (If Safe) or Apply Immediate First Aid Contact Emergency Personnel 
Person Responsible For  
Co-Ordinating Response Coordinator: Nathan Shepherd                        Mobile Phone: 041 744 765 
Nearest Emergency Assembly 
Point JCU Library 
Nearest First Aid / Paramedic 
Station Townsville Hospital 
Nearest Land Line Phone Emergency Phone No: Emergency Mob: As Above 
  
SAFE WORK METHOD STATEMENT 
 (Quality, Environment, and Safety) 
 
 
 
 
 
          
                                                   Page 3 of 13 
Manual Handling Risk Identification Checklist 
Note: – Manual Handling Identification Checklist Must Be Completed For Every SWMS 
1. Task  
Is There Frequent Or Prolonged :  
 1a.  Bending Yes
   No  
1b.  Reaching Above The Shoulder Yes
   No   
 1c.  Twisting Yes
   No   
 1d.  Squatting Yes
   No   
 1e.  Awkward Posture Yes
   No   
2. Object – Push, Pull Or Lift Objects 
2a. Push/Pulling Forces Involved Yes
   No   
2b. Push/Pull Forces Required For A Long Period Or For Long Distance Yes
   No   
2c.   The Weight Of The Object Is: 
 More Than 4.5 Kg And Handled From A Seated Position  
 More Than 16 Kg & Not Handled While Seated 
 More Than 55 Kg.  
Yes
   
Yes
   
Yes
   
 
 
No
   
No
   
No
   
 
 
Note - Weight Is Not Used To Prescribe Absolute Limits, But Is One Of The Important 
Factors To Be Considered When Assessing & Controlling Risk 
2d. The Object Is Difficult Or Awkward To Grip Or Handle Eg. Size, Shape, 
Temperature, Instability Yes   No   
3. Work Environment 
3a. The Task Performed In A Restricted / Confined Area. Yes
  No   
3b. Are Floors Or Surfaces Cluttered, Uneven, Slippery Or Otherwise Unsafe. Yes
   No   
4. Individual Aspects 
4a. Is The Employee New To The Work Or Returning From A Break. Yes
   No   
4b. Other Factors That May Affect Performance I.E. Clothing,  Shoulder, Knee, 
Back Or Other Health Issues That May Affect Performance  Yes   No   
If You Answer “YES” To Any Of The Above Questions - Note The Question Number, List How To Manage The Issue 
Such As Use Trolleys, Lifting Equipment, Forklifts, Team Lift, Etc And List Job Step Number To Which It Applies.  
Question Manual Handling Risk Controls Ref Job Step No 
   
   
   
   
   
   
   
   
List the Manual Handling Risk Controls Against Each of the Relevant Job Steps 
 
Notes 
 
 
 
 
 
 
 
 
 
  
SAFE WORK METHOD STATEMENT 
(Quality, Environment, and Safety 
 
 
                     
 
Permits, Isolations and Approvals Required 
 
Yes No  Yes No  Yes No  Yes No 
High/Low Voltage 
  Hot Work Permit   Change Management Approval   Gas Isolation   
Physical Isolation 
  
Working At Heights 
Permit   
Disconnection And 
Reconnection Order   
 
  
Electrical Isolation 
  Authority To Work   Warning Notice            
Confined Space Permit 
  
Restricted Access 
Permit For Work      
Permit To Penetrate/Excavate 
  
 
  
Engineering Details/Certificates/ Workcover & WH&S Approvals 
  
  
  
Relevant Codes of Practice/ Australian Standards/Regulations to be Applied During Works 
Workplace Health and Safety Act 2011  
Workplace Health and Safety Regulation 2011  
Workplace Health and Safety  Qld Code of Practice 2011  
Technical Drawings 
  
  
  
  
SAFE WORK METHOD STATEMENT 
(Quality, Environment, and Safety 
 
 
                     
Training and Competency 
 
Health and Safety Information/Training to Be Given to the Person/s Involved in The Work 
Construction Induction (White Card) JCU Facilities Induction 
  
Names of Persons Involved in Writing Safe Works Method Experience and Qualifications/ Certificates of Competency 
Nathan Shepherd Project Manager 
  
  
  
  
  
  
  
Additional Induction, Training  And Communication To Be Conducted 
Work Activities Induction                      Site Induction               Manual Handling             Hazardous Substances               Mobile Plant                
Personal Protective Equipment           Noise                             Other                         
Person Responsible for Conducting Training in This Work Activity and Additional Training Listed Above 
Name:   Qualifications/ Experience:   Date: 
  
SAFE WORK METHOD STATEMENT 
(Quality, Environment, and Safety 
 
 
                     
 
Isolation Procedure - List Each Isolation Point - Initial When Done 
Step What Needs Isolating? Where Is It Isolated? How Will It Be Isolated? Who Will Isolate It? How Will Isolation Be Proved? Done 
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
Persons Working On The Job Are To Place Personal Danger Tags / Locks At ALL Isolation Point Unless Arrangements Have Been Made For Group Isolation. 
 
Note: Only Qualified, Certified, Authorised Electricians Are Permitted To Isolate Electrical Circuits. 
  
SAFE WORK METHOD STATEMENT 
(Quality, Environment, and Safety 
 
 
                     
 
Equipment 
Plant and Equipment Maintenance and Inspection Requirements 
General Hand Tools Check Condition Before Use 
  
  
  
  
  
  
  
  
  
  
  
  
  
SAFE WORK METHOD STATEMENT 
(Quality, Environment, and Safety 
 
 
                     
 
 
Description of Work Task: Site Base Measurements 
 
 
 

 OHS ENVIRONMENT 
	
	






























  Catastrophic Fatality Long term, widespread permanent damage 1 - High 2 - High 4 - High 7 - Med 11 - Med 
  Major Extensive injury (LTI) Major effect/off site release 3 - High 5 - High 8 - Me d 12 - Med 1 6 - Low 
! Moderate Alternative Duties Incident (ADI)  Moderate effect / off site emission 6 - High 9 - Med 13 - Med 17 - Low 20 - Low 
" Minor Medical Treatment Incident (MTI) Minor off site impact 10 - Med 14 - Med 18 - Low 21 - Low 23 - Low 
# Negligible First Aid or Non treatment Incident (FAI & NTI)  No offsite impact 15- Med 19 - Low 22 - Low 24 - Low 25 - Low 
 
Job step / Sequence 
 
Break work sequence into clear 
separate job steps to follow i.e. Step 
1 – Isolate/de-energise machinery & 
remove cover. 
Hazards 
 
Identify potential 
hazards/source of harm i.e. 
Electricity/stored energy, 
power tools, manual 
handling, open pit, welding 
fume, chemicals, etc. 
Risk 
 
List what could happen i.e. electric 
shock, caught between, muscle/joint 
strain or sprain, fall into pit, fall to 
lower level, inhaling fume, chemical 
contact with skin/eyes, etc. 
 
Raw 
Risk Score 
(without-controls) 
i.e. 4 – High 
 
Consequence = 1 
Likelihood = C 
 
Risk Controls 
 
Hierarchy of controls must be 
considered: 
Hazard elimination, substitution, 
isolation, engineer, Administration 
 
Note – Hazard elimination is most 
effective, administration and PPE is 
least effective. 
Residual 
Risk Score 
(with controls) 
 
i.e. 7 – Med 
 
   Consequence = 1 
Likelihood  = D 
Action 
 
Identify person 
& position who 
will perform or 
is responsible 
for this job 
step 
(John/rigger) 
Preparation of Work Area Path of Travel in Work 
Area and Uneven Ground  
 
Sprains, Strains & Fractures 
 
8 Med Ensure Work Area is Cleaned, 
there is Worker Awareness and 
Eyes are Kept on Path. 
 
Clear Paths of Travel to be 
Established and Maintained. 
 
21 Low Worker 
Manual Handling of Tools 
/ Equipment Required to 
Perform Task 
 
Sprains, Strains & Back Injuries 
 
13 Med Mechanical Aids to be used where 
ever possible and Team Lifts 
where Required 
 
Proper Lifting Techniques to be 
used when doing Solo Lifts 
 
Adopt a Good Working Ergonomic 
Manner 
 
17 Low Worker 
Exposure to UV light 
 
 
Skin Cancer 9 Med Wear Broad Brimmed Hat 
Attachment on Safety Helmet, 
Long Pants and Long Sleeved 
Shirts and Gloves. Use 30+ 
Sunscreen 
17 Low Worker 
  
SAFE WORK METHOD STATEMENT 
(Quality, Environment, and Safety 
 
 
                     
 
Description of Work Task: Site Base Measurements 
 
 
 

 OHS ENVIRONMENT 
	
	






























  Catastrophic Fatality Long term, widespread permanent damage 1 - High 2 - High 4 - High 7 - Med 11 - Med 
  Major Extensive injury (LTI) Major effect/off site release 3 - High 5 - High 8 - Me d 12 - Med 1 6 - Low 
! Moderate Alternative Duties Incident (ADI)  Moderate effect / off site emission 6 - High 9 - Med 13 - Med 17 - Low 20 - Low 
" Minor Medical Treatment Incident (MTI) Minor off site impact 10 - Med 14 - Med 18 - Low 21 - Low 23 - Low 
# Negligible First Aid or Non treatment Incident (FAI & NTI)  No offsite impact 15- Med 19 - Low 22 - Low 24 - Low 25 - Low 
 
Job step / Sequence 
 
Break work sequence into clear 
separate job steps to follow i.e. Step 
1 – Isolate/de-energise machinery & 
remove cover. 
Hazards 
 
Identify potential 
hazards/source of harm i.e. 
Electricity/stored energy, 
power tools, manual 
handling, open pit, welding 
fume, chemicals, etc. 
Risk 
 
List what could happen i.e. electric 
shock, caught between, muscle/joint 
strain or sprain, fall into pit, fall to 
lower level, inhaling fume, chemical 
contact with skin/eyes, etc. 
 
Raw 
Risk Score 
(without-controls) 
i.e. 4 – High 
 
Consequence = 1 
Likelihood = C 
 
Risk Controls 
 
Hierarchy of controls must be 
considered: 
Hazard elimination, substitution, 
isolation, engineer, Administration 
 
Note – Hazard elimination is most 
effective, administration and PPE is 
least effective. 
Residual 
Risk Score 
(with controls) 
 
i.e. 7 – Med 
 
   Consequence = 1 
Likelihood  = D 
Action 
 
Identify person 
& position who 
will perform or 
is responsible 
for this job 
step 
(John/rigger) 
High Temperature and 
Inadequate Water Intake 
Heat Stress / Illness 4 High Drink Plenty of Water. Take Rest 
Breaks as Required. Monitor 
Urine and check Mates for 
Fatigue. Ensure a Good Supply of 
Potable Water is Available. 
 
20 Low Worker 
Flora and Fauna 
 
 
Snake, Insect & Spider Bites 
 
4 High Long Trousers and Long Sleeved 
Shirt to be Worn. Insect repellant 
applied if required. Wear 
Protective Gloves when Handling 
Debris from Gutters. 
 
Emergency Services to be 
contacted immediately if bite 
occurs . 
 
First Aid Kit to be kept on person 
and used as soon as possible if 
necessary in a safe location 
unless directed otherwise. 
 
11 Med Worker 
  
SAFE WORK METHOD STATEMENT 
(Quality, Environment, and Safety 
 
 
                     
 
Description of Work Task: Site Base Measurements 
 
 
 

 OHS ENVIRONMENT 
	
	






























  Catastrophic Fatality Long term, widespread permanent damage 1 - High 2 - High 4 - High 7 - Med 11 - Med 
  Major Extensive injury (LTI) Major effect/off site release 3 - High 5 - High 8 - Me d 12 - Med 1 6 - Low 
! Moderate Alternative Duties Incident (ADI)  Moderate effect / off site emission 6 - High 9 - Med 13 - Med 17 - Low 20 - Low 
" Minor Medical Treatment Incident (MTI) Minor off site impact 10 - Med 14 - Med 18 - Low 21 - Low 23 - Low 
# Negligible First Aid or Non treatment Incident (FAI & NTI)  No offsite impact 15- Med 19 - Low 22 - Low 24 - Low 25 - Low 
 
Job step / Sequence 
 
Break work sequence into clear 
separate job steps to follow i.e. Step 
1 – Isolate/de-energise machinery & 
remove cover. 
Hazards 
 
Identify potential 
hazards/source of harm i.e. 
Electricity/stored energy, 
power tools, manual 
handling, open pit, welding 
fume, chemicals, etc. 
Risk 
 
List what could happen i.e. electric 
shock, caught between, muscle/joint 
strain or sprain, fall into pit, fall to 
lower level, inhaling fume, chemical 
contact with skin/eyes, etc. 
 
Raw 
Risk Score 
(without-controls) 
i.e. 4 – High 
 
Consequence = 1 
Likelihood = C 
 
Risk Controls 
 
Hierarchy of controls must be 
considered: 
Hazard elimination, substitution, 
isolation, engineer, Administration 
 
Note – Hazard elimination is most 
effective, administration and PPE is 
least effective. 
Residual 
Risk Score 
(with controls) 
 
i.e. 7 – Med 
 
   Consequence = 1 
Likelihood  = D 
Action 
 
Identify person 
& position who 
will perform or 
is responsible 
for this job 
step 
(John/rigger) 
Wet Surfaces due to Dew 
or Inclement Weather 
 
Injuries due to Slips and Falls 
 
8 Med Wear Boots with Sound Non Slip 
Treads and Worker Awareness 
along with Housekeeping and 
Removal of any Excess Water. 
 
Use Hardstand Areas if Possible. 
 
16 Low Worker 
 Unsecured Work Area Potential Injury to Tenants, 
Member or Worker on Site 
5 High Barricading or screening which 
prevents access is to be used to 
segregate work areas including 
storage areas.  
 
Public areas are to be kept clear 
of any debris, trip or slip hazards 
and the spreading of dust is to be 
kept to a minimum.  
 
If the lifting of any materials or 
equipment is necessary the public 
are to be prevented from entering 
the immediate area during this 
time. 
 
 
17 Low Worker 
  
SAFE WORK METHOD STATEMENT 
(Quality, Environment, and Safety 
 
 
                     
 
Description of Work Task: Site Base Measurements 
 
 
 

 OHS ENVIRONMENT 
	
	






























  Catastrophic Fatality Long term, widespread permanent damage 1 - High 2 - High 4 - High 7 - Med 11 - Med 
  Major Extensive injury (LTI) Major effect/off site release 3 - High 5 - High 8 - Me d 12 - Med 1 6 - Low 
! Moderate Alternative Duties Incident (ADI)  Moderate effect / off site emission 6 - High 9 - Med 13 - Med 17 - Low 20 - Low 
" Minor Medical Treatment Incident (MTI) Minor off site impact 10 - Med 14 - Med 18 - Low 21 - Low 23 - Low 
# Negligible First Aid or Non treatment Incident (FAI & NTI)  No offsite impact 15- Med 19 - Low 22 - Low 24 - Low 25 - Low 
 
Job step / Sequence 
 
Break work sequence into clear 
separate job steps to follow i.e. Step 
1 – Isolate/de-energise machinery & 
remove cover. 
Hazards 
 
Identify potential 
hazards/source of harm i.e. 
Electricity/stored energy, 
power tools, manual 
handling, open pit, welding 
fume, chemicals, etc. 
Risk 
 
List what could happen i.e. electric 
shock, caught between, muscle/joint 
strain or sprain, fall into pit, fall to 
lower level, inhaling fume, chemical 
contact with skin/eyes, etc. 
 
Raw 
Risk Score 
(without-controls) 
i.e. 4 – High 
 
Consequence = 1 
Likelihood = C 
 
Risk Controls 
 
Hierarchy of controls must be 
considered: 
Hazard elimination, substitution, 
isolation, engineer, Administration 
 
Note – Hazard elimination is most 
effective, administration and PPE is 
least effective. 
Residual 
Risk Score 
(with controls) 
 
i.e. 7 – Med 
 
   Consequence = 1 
Likelihood  = D 
Action 
 
Identify person 
& position who 
will perform or 
is responsible 
for this job 
step 
(John/rigger) 
Boring Holes Path of Travel in Work 
Area and Uneven Ground  
 
Sprains, Strains & Fractures 
 
8 Med Ensure Work Area is Cleaned, 
there is Worker Awareness and 
Eyes are Kept on Path. 
 
Clear Paths of Travel to be 
Established and Maintained. 
 
21 Low Worker 
High Temperature and 
Inadequate Water Intake 
Heat Stress / Illness 4 High Drink Plenty of Water. Take Rest 
Breaks as Required. Monitor 
Urine and check Mates for 
Fatigue. Ensure a Good Supply of 
Potable Water is Available. 
 
20 Low Worker 
Manual Handling of Tools 
/ Equipment Required to 
Perform Task 
 
Sprains, Strains & Back Injuries 
 
13 Med Mechanical Aids to be used where 
ever possible and Team Lifts 
where Required 
 
 
17 Low Worker 
Repetitious Actions of 
Hand Tools or Tasks 
 
Sprains, Strains & Back Injuries 
 
13 Med Break regularly for Muscular and 
Skeletal Function.  
 
Reduce the Repetitious Period 
between the Tasks.  
 
Adopt a Good Ergonomic Manner. 
17 Low Worker 
  
SAFE WORK METHOD STATEMENT 
(Quality, Environment, and Safety 
 
 
                     
 
Description of Work Task: Site Base Measurements 
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

















  Catastrophic Fatality Long term, widespread permanent damage 1 - High 2 - High 4 - High 7 - Med 11 - Med 
  Major Extensive injury (LTI) Major effect/off site release 3 - High 5 - High 8 - Me d 12 - Med 1 6 - Low 
! Moderate Alternative Duties Incident (ADI)  Moderate effect / off site emission 6 - High 9 - Med 13 - Med 17 - Low 20 - Low 
" Minor Medical Treatment Incident (MTI) Minor off site impact 10 - Med 14 - Med 18 - Low 21 - Low 23 - Low 
# Negligible First Aid or Non treatment Incident (FAI & NTI)  No offsite impact 15- Med 19 - Low 22 - Low 24 - Low 25 - Low 
 
Job step / Sequence 
 
Break work sequence into clear 
separate job steps to follow i.e. Step 
1 – Isolate/de-energise machinery & 
remove cover. 
Hazards 
 
Identify potential 
hazards/source of harm i.e. 
Electricity/stored energy, 
power tools, manual 
handling, open pit, welding 
fume, chemicals, etc. 
Risk 
 
List what could happen i.e. electric 
shock, caught between, muscle/joint 
strain or sprain, fall into pit, fall to 
lower level, inhaling fume, chemical 
contact with skin/eyes, etc. 
 
Raw 
Risk Score 
(without-controls) 
i.e. 4 – High 
 
Consequence = 1 
Likelihood = C 
 
Risk Controls 
 
Hierarchy of controls must be 
considered: 
Hazard elimination, substitution, 
isolation, engineer, Administration 
 
Note – Hazard elimination is most 
effective, administration and PPE is 
least effective. 
Residual 
Risk Score 
(with controls) 
 
i.e. 7 – Med 
 
   Consequence = 1 
Likelihood  = D 
Action 
 
Identify person 
& position who 
will perform or 
is responsible 
for this job 
step 
(John/rigger) 
Handling Debris Cuts / Splinters / Infection 18 Low Ensure Gloves are Worn when 
Handling Debris 
 
23 Low Worker 
Undertaking Site 
Measurements 
 
Path of Travel in Work 
Area and Uneven Ground  
 
Sprains, Strains & Fractures 
 
8 Med Ensure Work Area is Cleaned, 
there is Worker Awareness and 
Eyes are Kept on Path. 
 
Clear Paths of Travel to be 
Established and Maintained. 
 
21 Low Worker 
  
SAFE WORK METHOD STATEMENT 
(Quality, Environment, and Safety 
 
 
                     
 
Worker Sign Off 
Names of persons who have been consulted in the development of this SWMS and have been trained in the work activities described in this SWMS 
Signing indicates that the worker was consulted in the development and understands the contents of the SWMS and how to conduct the task safely. 
Name Reason Signature Date Name Company Signature Date 
 
       
 
       
 
       
 
       
 
       
 
       
 
       
 
       
 
       
 
       
I have reviewed the contents of the SWMS with the above workers and confirm that they have the competency and experience to conduct the task 
safely: 
Name:  
 
 
Position  Signature  Date:  
4 
 
 
 
 
 
Appendix D – Results (Selection Table) for Inlet 32oC and Soil 27oC 
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Appendix E – Results (Selection Table) for Inlet 42oC and Soil 27oC 
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Appendix F – Results (Selection Table) for Inlet 32oC and Soil 25oC 
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